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DETACHABLE  SUMMARY 


Method  Developed 

The  study  effort  was  directed  toward  developing  a  method  for  rapidly 
estimating  to  what  extent  petroleum  refineries  would  be  affected  in  the 
event  of  a  nuclear  attack  on  the  United  States.  The  method  developed  en¬ 
ables  the  user  to  estimate  the  repair  requirements,  end  the  corresponding 
production  capabilities,  of  petroleum  refineries  after  blast  damage  from 
overpressures  of  0.5,  1,  5,  and  10  pal.  Thus,  it  is  possible  to  predict 
what  a  given  level  of  repair  effort  will  buy  in  terms  of  petroleum  prod¬ 
ucts,  when  it  is  known  which  refinery  is  hit,  and  with  what  overpressure. 

The  estimating  method  Wis  used  during  the  study  to  produce  the  fol¬ 
lowing  major  conclusions: 

•  After  0.3-0. 5  psi,  a  refinery  can  produce  the  same  proportion  of 
products  but  at  about  70  percent  of  the  initial  capacity.  This 
reflects  the  assumption  that  at  this  overpressure  refinery  capac¬ 
ity  is  directly  related  to  remaining  cooling  tower  capacity, 

•  After  1.0  psi,  a  refinery  temporarily  shuts  down,  but  with  minor 
emergency  repair  to  process  controls,  it  can  operate  at  about  50 
percent  of  initial  capacity. 

•  After  1.5  psi,  a  refinery  is  totally  shut  down,  primarily  because 
of  process  control  damage  by  roof  collapse  in  each  of  the  numer¬ 
ous  individual  refining  process  control  rooms.  Vulnerability  at 
higher  overpressures  is  summarised  in  Section  IV. 

The  physical  items  needed  for  refinery  repair  after  blast  damage 


*  Lubor  in  term*  of  tun-days  and  major  skills 


•  Equipment,  by  type 

»  Material,  by  type 

Repair  labor  requirement*  were  developed  by  study  of  the  average 
elite  refinery  of  each  type  at  each  selected  overpressure.  The  require¬ 
ments  ure  shown  graphically  in  Figure  2,  as  best-fit  curves  of  data  from 
average  refineries,  indicating  a  range  of  man-daye  for  a  given  initial 
refinery  capacity  at  a  specified  overpr-ssure  level,  This  report  dis¬ 
cusses  how  the  repair  requirements  are  developed  and  describes  all  the 
elements  that  are  covered.  Analysis  of  conclusions  indicates  that  repair 
coats  calculated  by  the  method  developed  are  consistent  with  overall  aver¬ 
age  costs  of  building  new  refineries. 

Repair  Decision 

After  blast  damage  to  petroleum  refineries,  certain  decisions  must 
be  made  before  repairs  to  restore  production  are  begun,  The  decisions 
will  hinge  on  what  products  are  needed  and  what  repair  effort  is  available. 

Reclaiming  refinery  capability  for  light  fuel  products  such  as  gaso¬ 
lines,  jet  fuels,  and  diesel  fuels  (most  likely  to  be  in  demand  during  a 
period  of  postattack  repair)  will  require  decisions  in  three  areas  and 
will  be  governed  by  what  products  are  most  needed,  and  whet  minimum  grades 
will  meet  users'  demands.  The  three  decision  areas  are: 

•  The  older  of  repairing  refinery  processes 

•  The  stage  to  which  the  repair  is  to  be  made 

«  The  substitution  of  an  alternative  crude  oil  for  the  refinery's 
"normal"  supply 

Reclaiming  reiinery  capability  for  producing  specialty  products,  such 
as  asphalts  and  lubes,  will  require  decisions  on  where  to  produce  these 
products,  for  example,  whether  to: 


Fully  repair  the  specialty  refinery 


•  Partially  repair  the  specialty  refinery,  the  comparable  specialty 
processing  units  of  fuel,  and  the  complete  processing  refineries 

•  Repair  the  comparable  portion  of  the  fuel  and  the  complete  proe- 
esalng  refineries  rather  than  the  specialty  refineries 

Application  of  the  Method 

the  fallowing  sequence  for  the  repair  of  petroleum  refining  proc¬ 
esses,  emphasizing  gasoline  production,  i»  used  in  this  report; 

Repair 

■Stage  Repair  Effort 

A  Repair  the  crude  oil  topping  processing  unit 

S  Repair  processing  units  that  convert  heavy  petroleum 

fractions  to  gasol ine-typo  products 

C  Repair  processing  units  which  upgrade  gasolines 

D  Repair  all  other  processing  units  producing  nonfuolg 

Using  this  sequence  of  repair  stages,  the  reader  can  refer  to  Fig¬ 
ure  2  (based  on  average  refineries)  and  determine,  for  any  refinery  ca¬ 
pacity  at  a  specified  level  of  blast  overpressure,  the  level  of  repair 
effort  in  man-days  that  is  required  to  restore  the  refinery  to  100  per¬ 
cent  production.  For  example; 

A  24,000  B/D  refinery  is  expected  to  require  60,000  to  90,000 

■an-days  of  repair  labor  to  return  it  to  100  percent  of  initial 

capacity  after  10  psi  overpressure 

Also,  for  any  refinery  product,  by  type  of  refinery,  the  reader  is 
given  tables  and  charts  from  which  to  determine  the  amount  of  a  product 
(as  a  percent  of  initial  refinery  capacity)  that  can  be  produced  after 
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•"eh  ™p«lr  stage.  The.o  relationship*  for  [tioiln.  ,r*  illu, 

trated  in  Figure  3,  For  example; 


Before  blast  damage ,  gasoline  constitutes  80  percent  of  ini¬ 
tial  total  product#  from  a  small  fuel  refinery.  After  10  pul 
overpressure  a  24,000  B/D  small  fuel  refinery  hae  the  produc¬ 
tion  capability  shown  beloe. 


Cumulative 

Gasoline  Production 

Repair 

Percent  of 

Repair 

Effort , 

Initial  Total 

Percent  of  Initial 

Stage 

Man-Days 

Products 

Gasoline  Production 

B/D 

A 

38,000 

15% 

30% 

3,600 

B 

61,000 

39 

58 

7,000 

C 

76,000 

40 

80 

9,600 

D 

77,000 

50 

100 

13,000 

<*J  *  UHDJUIAQ40  CO*OmQ* 

ibi  ™  n*ct hi  on *auo*  Afn*  q i-o i  p* 
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FIGURE  3 


gasoline  yield  resulting  from  repair  effort 
fl  “lECTS0  5LAST  OVERPRESSURES  SMALL  FUEL 
REFINERY,  34,000  SAHRELS  PER  0AY  CAPACITY 


Results  of  sensitivity  analyses  on  refinery  oiie.ee  shoe  that  for  re- 
fineriea  of  the  ease  type,  but  of  different  sites,  the  stages  tf  repair 
effort  (Repair  Stage*  A,  B,  c,  and  D)  are  proportional  to  the  correspond¬ 
ing  repair  stages  of  the  average  size  refinery. 

This  means  that,  for  any  refinery  type,  an  eatlMtor  can  simply  cal¬ 
culate  the  ratio  of  the  individual  repair  stage  to  the  cumulative  repair 
stage  for  the  average  sice  refinery  of  a  particular  type,  apply  that  ratio 
to  the  repair  requirement  estimated  for  repair  to  100  percent  capability 
(total  of  Repair  Stages  A,  B,  C,  and  0)  of  that  refinery  size,  and  derive 
repair  requirements  for  the  other  repair  stages.  This  is  illustrated  by 
a  simple  example,  below, 


Given;  24,000  B/D  snail  fuel  refinery 

Repair  Stage  A  a  28,000  nan-days 
Repair  to  100  percent  capacity  (A+BcC+D) 
a  77,000  man-days 


Ratio 


A 

A+BcCcD 


0.30 


Then,  to  find  the  repair  requirement  for  Stage  A  for  a  small  fuel 
refinery  of  a  different  size; 


90,000  B/D  small  fuel  refinery 

Repair  to  100  percent  capacity  (A+B+CtD) 

m  285,000  to  335,000  man-days 


Ratio  of 


A 

A-s-B+C+D 


0.36  (given  above) 


Thus:  0.36  X  285,000  and  333,000  a  103,000  to  120,000  man 

days  for  Repair  Stage  A 


Each  refinery  has  its  own  "normal11  input  of  crude  oil.  Following 
an  attack,  conditions  at  producing  oil  fields  or  in  the  transportation 
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system  My  necessitate  eupplying  a  refinery  with  ar.  alternative  truM 
oil.  The  "normal"  crude  oil  input  to  fuel  end  complete  proceeding  re- 
flnerlee  la  considered  to  be  one  of  the  three  "Major"  V.S.  crude  oil 
type*;  "nomal"  input  to  epecielty  refineries  is  considered  to  be  one 
of  three  representative  special  ©rude  oii  type*.  The  effect  of  supply¬ 
ing  *  refinery  with  one  of  the  other  two  of  the  three  major  u,s.  crude 
oil  types  rather  than  with  what  thia  study  Judged  to  be  that  refinery's 
"normal"  supply  of  crude  oil  Is  illustrated  by  the  following  example: 

A  24,000  8/D  email  fuel  refinery,  after  10  p*i  overpressure, 
with  its  normal  crude  oil  and  alternative  crude  oils  has  the 
production  capability  shown  below, 


Repair 

Stage 

A 

B 

C 

D 


Total  Production  aa 
Percent  of  Initial  Capacity 
Normal  Alternative 

Crude  Oil  Crude  Oils 


44 

62 

79 

100 


26-285 

28-33 

31-37 

33-42 


Suamnry  of  Results 

The  method  for  estimating  production  capabilities  snd  requirements 
of  refineries  after  a  nuclear  attack  is  summarized  in  Tables  1,  2,  and 
3.  Table  1  gives,  for  each  type  of  refinery,  the  product  percentages 
available  when  the  refinery  is  undamaged  (0  p*i),  and  at  two  levels  of 
low  overpressure:  the  range  of  0.3-0. 5  psi,  with  no  repair  effort,  and 
1  pal,  with  only  emergency  repairs  to  the  crude  topping  unit.  Table  1 
can  be  used  for  any  size  refinery  of  the  type  specified;  it  gives  the 
normal  product  mix  and  shows  the  immediate  effect  of  damage  in  the  low 
overpressure  ranges,  where  refineries  are  still  operable. 
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INITIAL  CAPACITY  AND  PARTIAL  PRODUCTION  CAPABILITY 
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At  overpressures  o f  l.S  psi  or  greater,  repair  to  refineries  becomes 
necessary  for  them  to  operate.  Table  2  gives  product  percentages  after 
each  of  the  four  repair  stages  for  an  average  sire  refinery  of  each  type, 
thus  showing  the  incremental  production  that  each  repair  stage  affords. 

Table  3  gives  the  man-days  of  repair  effort  required  at  each  repair 
stage  and  for  each  level  of  overpressure  for  an  average  size  refinery 
of  each  type. 

The  only  data  the  estimator  has  to  supply  are  readily  available  from 
Industry  published  periodicals,  Journals,  or  reference  material:3 


•  Refinery  type  and  initial  capacity  in  B/D 

*  Type  of  crude  oil  used,  including  both  the  "normal"  crude  oil 
supply  and  an  alternative  (supplied  in  the  report) 


It  is  recognized  that  in  a  postattack  environment  the  relative  demand 
for  individual  products  will  not  be  the  same  as  before  an  attack.  Because, 
refining  processes  produce  a  combination  of  products,  a  relatively  high 
demand  for  one  product  creates  a  surplus  of  "other"  products.  Management 
and  planning  must  consider  uses  for,  or  ways  to  dispose  of,  these  other 
surplus  products.  For  example,  kerosene  and  diesel  type  products  normally 
represent  about  one- third  of  total  products.  In  a  postattack  condition 
if  the  demand  for  gasoline  and  residual  fuel  rises  so  that  the  demand  for 
kerosene  and  diesel  products  drops  to  one-fourth  of  the  total  products, 
a  surplus  of  kerosene  and  diesel  equivalent  to  one- twelfth  of  the  total 
products  would  occur.  Even  with  reduced  total  products  of  6  million  bar¬ 
rels  per  day  (slightly  more  than  50  percent  of  current  production)  this 
represents  a.  surplus  of  1/12  X  6,000,000  =  500,000  B/D.  The  surplus  prod¬ 
ucts  will  eventually  create  tremendous  storage  problems.  A  few  potential 
solutions  include:  partial  blending  of  surplus  products  into  required 
products,  reprocessing  of  surplus  products  to  make  required  products,  or 
re-injecting  surplus  products  into  underground  storage. 
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i  IKTROEtJ  CT  ION 


The  U.S.  petroleum  refining  industry  is  regarded  ••  critical  to  the 
continued  national  viability.  In  the  event  of  damage  by  attack,  petro¬ 
leum  ref lnlnf  capacity  is  expected  to  be  of  primary  interest,  with  em- 
phaala  on  restoration  of  a  petroleum  refining  level  required  for  that 
viability.  To  plan  the  recovery  of  the  petroleum  refining  industry,  it 
is  essential  to  be  able  to  estimate  (1)  the  extent  of  damage  by  blast 
overpressure  levels,  (2)  the  capability  of  individual  refineries  to  pro¬ 
duce  products  as  they  atand  or  with  Increments  of  repair  effort,  and 
(3)  the  repair  effort  needed. 

Objective 

The  overall  purpose  of  this  study  was  to  describe  individual  U.S. 
refineries  and  their  normal  modes  of  operation  and  derive  a  means  for 
estimating  refinery  production  capability  and  the  repair  effort  needed 
after  exposure  to  selected  blast  overpressures. 

Specifically,  this  study  was  aimed  at  developing  a  means  for  esti¬ 
mating  the  capability  of  refineries  to  produce  petroleum  products  after 
exposure  to  blast: 

•  With  no  repair 

•  After  partial  repair 

•  After  full  repair 

•  By  product  group 

•  By  overpressure  level 
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Scope  and  Method 

The  l’,S.  petroleum  refining  industry  it  aide  up  of  26?  refineriea 
which  process  sore  then  200  different  types  of  crude  oils.  Over  100 
individual  refining  processes,  and  at  least  50-100  types  of  equipment 
are  used  by  these  refineries  to  produce  well  over  1,000  different 
products , 

Analysis  and  grouping  of  the  pertinent  factors  related  to  these 
aspects  of  the  U.S.  petroleum  refining  industry  represented  a  major  ef¬ 
fort  in  this  study.  To  develop  a  procedure  for  estimating  production 
capabilities  and  repair  requirements  after  a  nuclear  attack,  it  was 
necessary  to  bring  industry  descriptors  down  to  a  meaningful  number. 
These  reductions  are  described  below. 


•  The  267  refineries  are  represented  by  six  types: 


-  Large  fuel* 


94  percent  of  U.S.  Capacity 


6  percent  of  U.S.  capacity 


-  Small  fuel 

-  Complete  processing 

-  Asphalt 

-  Asphalt  and  lube 

-  Lube 

•  The  200+  crude  oils  are  represented  by  three  major  types  of 
crude  oil  from  the  largest  producing  oil  fields  and  three 
specialty  crude  oils: 

-  30° -40°  API  Gulf 

-  20a-25°  API  Vest  Coast  ^Largest 

-  20" -25°  API  Midcontinent 
lO^-lS*  API  asphaltic 


-  10°-15°  API  asphaltic 

and  lube 

-  30“ -45°  API  lube 


Specialty 


*  Large  fuel  and  small  fuel  refineries  are  differentiated  by  Included 
processes . 
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a  The  more  than  100  Individual  refining  processes  are  represented 
by  the  16  most  used 

•  The  50-100  types  of  equipment  within  processes  are  represented  by 
25  item  otost  vital  to  process  operation,  most  susceptible  to 
blast  damage,  and  requiring  largest  labor  input  for  repair 

•  The  1,000+  products  are  represented  by  seven  groups,  according 
to  common  characteristics 

The  reduction  process  is  summarised  graphically  in  Figure  1. 


INTUT 


moots* 
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Oamata  and  - r—  26  Item 

Rapa* 


7  Group* 

In  Bate,  Hr  Otv  or  aa 
Parent  o4  initial  Capacity 


FIGURE  1  PETROLEUM  REFINING  INDUSTRY  MODEL 
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To  abstract  the  petroleum  refining  Industry  to  this  extent,  It  was 
of  course  necessary  to  make  many  simplifying  assumptions.  These  are 
pointed  out  throughout  the  report,  where  appropriate. 

The  data  used  in  this  study  reflect  the  most  recent  information 
available.  The  topics  addressed  are  described  below. 

Processing 

The  petroleum  processing  characteristics  of  CONUS  crude  oil  refin¬ 
eries  are  considered,  A  representative  "normal"  crude  oil  and  alterna¬ 
tive  crude  oils  for  processing  are  selected  on  the  basis  of  production 
records  and  refining  characteristics. 

Refineries  in  Alaska,  Hawaii,  U.S.  protectorates,  or  areas  contigu¬ 
ous  to  the  United  States  are  omitted.  These  latter  areas  could  prove  to 
be  of  limited  utility  to  the  United  States  in  a  time  of  nuclear  conflict. 

Blast  Effects 

Levels  of  refinery  damage  are  characterized  in  terms  of  blast  over¬ 
pressure  .  This  damage  mechanism  is  better  understood  than  other  damage 
mechanisms  and,  in  addition,  overpressure  provides  a  direct  link  with  the 
nuclear  environment.  Although  other  damage  mechanisms  of  wind,  .hernial  ef¬ 
fects,  electromagnetic  pulse,  or  the  secondary  effects  of  debris-missile 
or  fire  are  recognized  to  be  laportant,  their  coverage  is  beyond  the  scope 
of  this  study. 

Repair  Requirements 

The  analysis  is  based  on  the  major  requirements  for  the  rebuilding 
of  the  essential  parts  of  a  petroleum  refinery  after  debris  has  been  cleared 
and  the  area  determined  safe  for  repair  work,  Major  requirements  Include 
labor  of  reconstruction,  principal  skills  or  crafts,  and  corresponding 
needs  for  equipment  and  supplies.  Essential  parts  of  a  refinery  include 
only  those  items  necessary  to  the  refining  operation. 
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Capacities  and  Yields 

Accepted  abbreviated  methods1*  are  used  in  estimating  refining  ca¬ 
pacities  and  product  yields  from  selected  crude  oils  after  various  blast 
overpressures .  The  capacities  and  yields  are  expressed  as  B/D  (barrels 
per  day)  or  in  terms  of  initial  capacity  under  conditions  of  no  damage. 
The  capacities  and  yields  and  the  repair  requirements  are  expressed  as 
functions  of  blast  overpressure . 
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II  SUMMARY  AMD  CONCLUSIONS 


Method  Developed 

The  study  effort  was  directed  toward  developing  a  method  for  rapidly 
estimating  to  what  extent  petroleum  refineries  would  be  affected  in  the 
event  of  a  nuclear  attack  on  the  United  States.  The  method  developed 
enables  the  user  to  estimate  the  repair  requirements,  and  the  corre- 
spondlng  production  capabilities,  of  petroleum  refineries  after  blast 
damage  from  overpressures  of  0.5,  1,  5,  and  10  psi.  Thus,  it  1b  pos¬ 
sible  to  predict  what  a  given  level  of  repair  effort  will  buy  In  terms 
of  petroleum  products,  when  it  is  known  which  refinery  is  hit,  and  with 
what  overpressure. 

The  estimating  method  was  used  during  the  study  to  produce  the  fol¬ 
lowing  major  conclusions; 

«  After  0.3-0. 5  psi,  a  refinery  can  produce  the  same  proportion  of 
products  but  at  about  70  percent  of  the  initial  capacity.  This 
reflects  the  assumption  that  at  this  overpressure  refinery  capac¬ 
ity  is  directly  related  to  remaining  cooling  tower  capacity. 

•  After  1.0  psi,  a  refinery  temporarily  shuts  down,  but  with  minor 
emergency  repair  to  process  controls,  it  can  operate  at  about  50 
percent  of  initial  capacity. 

•  After  1.5  psi,  a  refinery  is  total! v  shut  down,  primarily  because 
of  process  control  damage  by  roof  collapse  in  each  of  the  numer¬ 
ous  individual  refining  process  control  rooms.  Vulnerability  at 
higher  overpressures  is  summarized  In  Section  IV. 

The  physical  items  needed  for  refinery  repair  after  blast  damage  are 
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«  Labor  In  terns  of  nuan-days  and  major  skills 

•  Equipment,  by  type 

•  Material,  by  type 

Repair  labor  requirements  were  developed  by  study  of  the  average  size 
refinery  of  each  type  at  each  selected  overpressure.  The  requirements  are 
shown  graphically  in  figure  2,  as  best-fit  curves  of  data  from  average  re¬ 
fineries,  Indicating  a  range  of  man-days  for  a  given  initial  refinery  ca¬ 
pacity  at  a  specified  overpressure  level.  This  report  discusses  how  the 
repair  requirements  are  developed  and  describes  all  the  elements  that  are 
covered.  Analysis  of  conclusions  indicates  that  repair  costs  calculated 
by  the  method  developed  arc  consistent  with  overall  average  costs  of  build¬ 
ing  new  refineries. 

Repair  Decision 

After  blast  damage  to  petroleum  refineries,  certain  decisions  must 
be  made  before  repairs  to  restore  production  are  begun.  The  decisions 
will  hinge  on  what  products  are  needed  and  what  repair  effort  is  available. 

Reclaiming  refinery  capability  for  light  fuel  products  such  as  gaso¬ 
lines,  Jet  fuels,  and  diesel  fuels  (most  likely  to  be  in  demand  during  a 
period  of  postattack  repair)  will  require  decisions  in  three  areas  and 
will  be  governed  by  what  products  are  moBt  needed,  and  what  minimum  grades 
will  meet  users'  demands.  The  three  decision  areas  are: 

•  Tho  order  of  repairing  refinery  processes 

•  The  stage  to  which  the  repair  is  to  be  made 

•  The  substitution  of  an  alternative  crude  oil  for  the  refinery's 
"normal"  supply 

Reclaiming  refinery  capability  for  producing  specialty  products,  such 
os  asphalts  and  lubes,  will  require  decisions  on  where  to  produce  these 
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requirement  IN  thousands  oe  man-days 


product* ,  for  example,  what her  to: 


•  Fully  repair  the  specialty  refinery 

•  Partially  repair  the  apeclalty  refinery,  the  comparable  specialty 
processing  unit*  of  fuel,  and  the  complete  processing  refineries 

«  Repair  the  comparable  portion  of  the  fuel  and  the  complete  proc¬ 
eaalng  refineries  rather  than  the  apeclalty  refineries 

Application  of  the  Method 

The  following  sequence  for  the  repair  of  petroleum  refining  proc¬ 
esses,  emphasising  gasoline  production,  Is  used  In  this  report: 

Repair 

Stage  Repair  Effort 

A  Repair  the  crude  oil  topping  procoeslng  unit 

B  Repair  proceaalng  units  that  convert  heavy  petroleum 

fractions  to  gasoline-type  products 

C  Repair  proceaalng  units  which  upgrade  gasolines 

D  Repair  all  other  processing  units  producing  nonfuels 

Using  this  sequence  of  repair  stages,  the  reader  can  refer  to  Figure 
2  (based  on  average  refineries)  and  determine,  for  any  refinery  capacity 
at  a  specified  level  of  blast  overpressure,  the  level  of  repair  effort  In 
man-daya  that  is  required  to  restore  the  refinery  to  100  percent  produc¬ 
tion,  For  example: 

A  24,000  B/D  refinery  is  expected  to  require  60,000  to  90,000 

man-days  of  repair  labor  to  return  it  to  100  percent  of  Initial 

capacity  after  10  pel  overpressure 

Also,  for  any  refinery  product,  by  type  of  refinery,  the  reader  la 
given  tables  and  charts  from  which  to  determine  the  amount  of  a  product 
(as  a  percent  of  initial  refinery  capacity)  that  can  be  produced  after 


«»ch  successive  repair  stage,  Theae  relationships  for  gasoline  ars  illus¬ 
trated  in  figure  3,  for  example: 


Bafor#  blast  damage,  gasollns  constitutes  50  psrcsnt  of  ini¬ 
tial  total  products  from  a  small  fuel  refinery.  After  10  psi 
overpressure  a  24.000  B/D  small  fuel  refinery  has  the  produc¬ 
tion  capability  shown  below. 


1 

Cusmlative 

Oasollne  Production 

I 

Repair 

Percent  of 

!  Repair 

Bf fort, 

Initial  Total 

Percent  of  Initial 

j  Stage 

11  un-Days 

Products 

Oaaoline  Production 

B/D 

i 

A 

28,000 

15% 

30% 

3,600 

B 

61,000 

29 

58 

7.000 

C 

76,000 

40 

80 

9,600 

D 

77,000 

SO 

100 

12,000 

1*1  •  UNOAMWMD  CONDITION 

ei  •  70  PtRCtNT  OPERATION  AFTER  0  3-01  Ml 

UJ  •  «  PfRCINT  OPERATION  AFTER  10  M. 


figure  i 


gasoline  yield  resulting  from  repair  effort 
AT  SELECTED  BLAST  OVERPRESSURES.  SMALL  FUEL 
REFINERY.  24.000  BARRELS  PER  DAY  CAPACITY 
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Results  of  aeneitlvity  analyses  on  refinery  aiae*  show  that  for 
refineries  of  the  iim  type,  but  of  different  slsee.  the  stages  of  re¬ 
pair  effort  (Repair  Stage*  A,  B,  C,  and  D)  are  proportional  to  the  cor- 
reapondlng  repair  stages  of  the  average  size  refinery. 

This  eeana  that,  for  any  refinery  type,  an  estimator  can  simply  cal¬ 
culate  the  ratio  of  the  individual  repair  at age  to  the  cumulative  repair 
stage  for  the  average  aize  refinery  of  a  particular  type,  apply  that  ratio 
to  the  repair  requirement  estimated  for  repair  to  100  percent  capability 
(total  of  Repair  Stages  A,  B,  C,  end  D)  of  that  refinery  size,  and  derive 
repair  requirements  for  the  other  repair  stages.  This  Is  Illustrated  by 
a  simple  example,  below. 


Olven:  24,000  B/D  small  fuel  refinery 

Repair  Stage  A  =  28,000  man-days 
Repair  to  100  percent  capacity  (A+fl+C+D) 
*  77,000  sum- days 


Ratio 


A 

A+8+C+D 


0.38 


Then,  to  find  the  repair  requirement  for  Stage  A  for  a  small  fuel 
refinery  of  a  different  alse; 


90,000  B/D  small  fuel  refinery 

Repair  to  100  percent  capacity  (A+B+C+D) 

»  285,000  to  335,000  man-days 

Ratio  0f  »  0.36  (given  above) 

A  ■ffl 

Thus:  0.36  X  285,000  and  335,000  =  103,000  to  120,000  man- 
days  for  Repair  Stage  A 

Each  refinery  has  its  own  "normal"  input  of  crude  oil.  Following 
an  attack,  conditions  at  producing  oil  fielda  or  In  the  transportation 

i 

i 
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aystei*  nay  necessitate  supplying  a  refinery  with  an  alternative  crude 
oil.  The  "normal"  crude  oil  input  to  fuel  and  complete  processing  re¬ 
fineries  is  considered  to  be  one  of  the  three  "major"  U.S.  crude  oil 
types;  "normal"  Input  to  specialty  refineries  Is  considered  to  be  one 
of  three  representative  special  crude  oil  typos.  The  effect  of  supply¬ 
ing  a  refinery  with  one  of  the  other  two  of  the  three  major  U.S,  crude 
oil  typos  rather  than  with  what  this  study  judged  to  be  that  refinery's 
"normal"  supply  of  crude  oil  illustrated  by  the  following  example: 

A  24,000  B/D  small  fuel  refinery,  after  10  psi  overpressure, 
with  its  normal  crude  oil  and  alternative  crude  oils  has 
the  production  capability  shown  below. 

Total  Production  as 


Percent  of 

Initial  Capacity 

Repair 

Normal 

Alternative 

Stage  Crude  Oil  Crude  Oils 


A 

44 

25-28% 

B 

62 

28-33 

C 

79 

31-37 

D 

100 

33-42 

Summary  of  Results 

The  method  for  estimating  production  capabilities  and  requirements 
of  refineries  after  a  nuclear  attach  is  summarised  in  Tables  1,  2,  and 
3.  Table  1  gives,  for  each  type  of  refinery,  the  product  percentages 
available  when  the  refinery  is  undamaged  (0  psi),  and  at  two  levels  of 
low  overpressure:  the  range  of  0.3-0. 5  psi,  with  no  repair  effort,  and 
1  psi,  with  only  emergency  repairs  to  the  crude  topping  unit.  Table  1 
can  be  used  for  any  size  refinery  of  the  type  specified;  it  gives  the 
normal  product  mix  and  shows  the  immediate  effect  of  damage  in  the  low 
overpressure  ranges,  where  refineries  are  still  operable. 
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INITIAL  CAPACITY  AND  PARTIAL  PRODUCTION  CAPABILITY 


*  Using  ''normal"  crude  oil 


PRODUCTION  CAPABILITY  BY  REPAIR  STAGE 
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At  overpressure*  of  1.8  pal  or  greater,  repair  to  refineries  becomes 


necessary  for  them  to  operate.  Table  2  gives  product  percentages  after 
each  o£  the  four  repair  stages  for  an  average  also  refinery  of  each  type, 
thus  shoeing  the  Incremental  production  that  each  repair  stage  afforda. 

Table  3  gives  the  oas-dayt  of  repair  effort  required  at  each  repair 
stage  and  for  each  level  of  overpressure  for  an  average  else  refinery 
of  each  type. 

The  only  data  the  estimator  has  to  supply  are  readily  available  from 
Industry  published  periodicals,  journals,  or  reference  material:8 

•  Refinery  type  and  Initial  capacity  In  B /D 

•  Type  of  crude  oil  used,  including  both  the  "normal"  crude  oil 
supply  and  on  alternative  (supplied  In  the  report) 

It  Is  recognized  that  In  a  postattack  environment  the  relative  demand 
for  Individual  products  will  not  be  the  same  as  before  an  attack.  Becauee 
refining  processes  produce  a  combination  of  products,  a  relatively  high 
demand  for  one  product  creates  a  surplus  of  "other"  products.  Management 
and  planning  must  consider  uses  for,  or  ways  to  dispose  of,  these  other 
surplus  products.  For  example,  kerosene  and  diesel  type  products  normally 
represent  about  one-third  of  total  products.  In  a  postattack  condition 
if  the  demand  for  gasoline  and  residual  fuel  rises  so  that  the  demand  for 
kerosene  and  diesel  products  drops  to  one-fourth  of  the  total  products, 
a  surplus  of  kerosene  and  diesel  equivalent  to  one-twelfth  of  the  total 
products  would  occur.  Even  with  reduced  total  products  of  6  million  bar¬ 
rels  per  day  (slightly  more  than  50  percent  of  current  production)  this 
represents  a  surplus  of  1/12  X  6,000,000  =  500,000  B/D.  The  surplus  prod¬ 
ucts  will  eventually  create  tremendous  storage  problems.  A  few  potential 
solutions  include:  partial  blending  of  surplus  products  into  required 
products,  reprocessing  of  surplus  products  to  make  required  products,  or 


re-injecting  surplus  products  into  underground  storage. 
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Ill  INDUSTRY  DESCRIPTORS 


In  the  United  State#  today  there  ere  267  crude  oil  refineries8'3 
which  use  many  different  processes  and  modification#  of  these  processes. 
They  refine  crude  oil,  or  mixtures  of  crude  oils,  from  at  least  200  dif¬ 
ferent  oil  field#.9  The  product  markets  they  serve  are  as  varied  as  the 
U.S.  economy  is  diversified. 

As  a  result  of  these  factors,  no  two  refineries  are  exactly  alike. 
There  are,  however,  some  overall  similarities.  The  contribution  of  this 
study  Is  in  analyzing-  the  components  of  the  U.S.  petroleum  refining;  in¬ 
dustry,  abstracting  the  similarities,  assembling  representative  types  to 
make  it  possible  to  apply  estimating  factors  and  carrying  out  the  calcu¬ 
lations  in  making  the  estimates.  This  section  details  the  bases  and  as¬ 
sumptions  used  to  arrive  at  the  initial  production  capabilities  in  the 
industry. 

This  study  approaches  the  analysis  from  the  standpoint  that  the  effect 
of  nuclear  blast  on  refineries  is  similar  for  similar  types  of  refin¬ 
eries  and  that  these  effects  can  be  related  to  refinery  type  and  capac¬ 
ity.  Simplifying  assumptions  are  made  and  relationships  are  developed 
in  the  following  areas: 

•  Crude  oils 

•  Refinery  types 

•  Processing 

•  Equipment  included  in  refineries 

•  Products 

A  petroleum  refinery  is  a  group  of  manufacturing  processes  organized 
and  coordinated  to  achieve  both  physical  and  chemical  transformation  of 
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a  particular  type  of  crude  oil  into  salable  products  that  meet  the  qual¬ 
ities  and  quantities  required  by  the  product  market  supplied.  In  general, 
petroleum  refining  consists  of  separation  of  a  crude  oil  into  its  parts, 
changing  the  structure  of  those  parts  under  various  conditions  of  tem¬ 
perature  and  pressure  (using  catalysts  where  necessary),  and  recombining 
and  treating  these  parts  with  chemicals  and  additives  to  meet  a  product 
mix  demand. 

Many  of  the  processes  used  to  separate  the  crude  oil  into  its  parts 
arc  fairly  standard  throughout  the  Industry.  Normally,  the  separation 
is  by  fractional  distillation  (fractionation).  All  of  the  materials  that 
boil  above  a  given  temperature,  at  a  particular  pressure,  are  separated 
from  those  that  boil  below  that  temperature  at  that  pressure.  Sequential 
selection  of  temperatures  and  pressures  permits  the  separation  of  a  crude 
oil  into  many  fractions.  This  separation  process  is  used  in  all  the 
initial  processing  stops  and  in  the  preparation  of  products  intermediate 
to  structural  change. 

Refinery  processes  and  equipment  are  chosen,  sized,  arranged,  and 
interrelated  according  to  the  crude  oil  that  is  available  and  the  prod¬ 
uct  market  that  the  refinery  serves.  For  each  refinery  type,  the  author 
has  postulated  an  average  refinery.  This  consists  of  typical  processing 
equipment  sized  to  operate  at  capacity  and  produce  the  product  mix  rep¬ 
resentative  of  that  refinery  type  when  using  a  "normal"  crude  oil  rep¬ 
resented  by  the  predominant  U.S.  crude  oil. 

It  is  recognized  that,  within  a  particular  refinery  type,  the  crude 
oils  input  to  individual  refineries  will  differ.  Some  refineries  proc¬ 
ess  a  heavier  crude,  while  others  process  a  lighter  crude.  However,  it 
is  assumed  that  there  are  compensating  differences  in  the  included  proc¬ 
essing  equipment  to  permit  refineries  of  one  type  to  produce  similar 
product  mixes.  It  is  also  assumed  that  the  equipment  differences  do  not 
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materially  changa  the  poatattack  refinery  repair  requirements  or  produc- 
tion  capabilities  from  those  shown  for  the  average  refineries. 

Substitution  of  alternative  crude  oils  In  each  of  the  postulated 
refineries  will  influence  the  product  sis,  depending  on  the  character¬ 
istics  of  the  alternative  crude  oils  and  the  refinery  processing  equip¬ 
ment.  The  result  is  potentially  an  unbalanced  product  nix  (the  product 
mix  volumes  do  not  coincide  with  product  market  demand)  and  s  resultant 
refinery  throughput  decrease  because  of  individual  process  limitations. 
For  example,  a  refinery  specializing  In  the  heavier  products,  such  as 
asphalts,  also  produces  gasoline;  a  refinery  that  is  producing  light 
products  (gasoline,  kerosene,  and  diesel)  also  simultaneously  produces 
higher-boiling  fuol  oil  materials.  If  the  amounts  of  fuel  oil  produced 
by  the  latter  exceed  the  demand  in  that  refinery's  market  area,  the 
overall  operation  of  that  refinery  is  unbalanced:  fuel  oil  will  accumu¬ 
late,  and  eventually  storage  problems  will  force  the  refinery  to  shut 
down.  Similar  problems  would  occur  with  light  products,  if  refineries 
use  alternative  crude  oils  lighter  than  they  are  designed  to  process. 

For  example,  the  use  of  a  light  crude  in  a  refinery  specializing  in 
heavy  products,  such  as  asphalt,  would  create  a  light  products  storage 
problem.  To  balance  Its  operations,  a  refinery  would  have  to  Include 
a  degree  of  cracking  and  related  processing  to  convert  enough  of  the 
heavier  fuel  oils  Into  the  lighter  products  to  meet  market  demands. 

Such  factors  have  been  taken  into  consideration  In  the  development  and 
equipping  of  refineries. 

Crude  Oils 

At  the  well-heads  or  in  the  producing  oil  fields,  small  amounts  of 
gas  and  light  gasolines  are  removed  from  crude  oils.  The  remaining  major 
portion  of  the  crude  oil  then  goes  on  to  become  input  to  a  petroleum  re¬ 
finery.  The  crude  oil  that  reaches  the  refinery  is  still  a  complex 
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mixture,  ranging  from  light  hydrocarbon*  that  can  be  uaad  In  gasollna  to 
the  heaviest  hydrocarbon* ,  which  can  only  be  used  in  asphalt* . 

Tho  composition  of  crude  oil  from  some  producing  fields  Is  distinct, 
and  a  tew  particular  crude  oils  are  segregated  for  specific  purpose*-- 
sooa  for  use  In  specialty-type  refineries,  others  because  of  undesirable 
refining  characteristics  that  require  specialised  refining  processes. 
However,  most  of  the  crude  oils  f'-om  the  producing  fields  are  blended 
with  similar  crude  oils  iron  the  cam*  locality  during  the  delivery  to 
a  refinery,  The  characteristics  of  the  blended  crude  oil  stream  may  in 
many  respects  be  similar  to  charactaristics  of  the  crude  oil  that  con~ 
stitutea  the  largest  field  volume  in  the  blend. 

In  this  study,  the  normal  crude  oil  supply  to  the  major  portion  of 
petroleum  refining  compares  to  the  largest  volume  of  U.S.  crude  oil  pro¬ 
duced;  alternative  supply  available  compares  to  the  next  largest  volumes 
produced. 

In  tho  Gulf  Coast  area,  crude  oils  from  the  largest  producing  fields 
are  relatively  light  (30o-40°  API  gravity  range).  On  the  West  Coast 
there  are  fewer  large  fields,  but  all  the  crudes  are  somewhat  heavier 
than  those  from  the  Gulf  (in  the  range  of  10° -40®  API ,  clustering  around 
20° -30*  API).  In  the  Midcontinent  arcs  there  are  a  few  large,  widely 
separated  fields  with  some  moderately  heavy  (20° -30“  API)  and  some  light 
(30° -40®  API)  crude  oils.8*4*6*8 

Published  production  volumes6 * 7  from  the  88  largest  producing  oil 
fields  include  about  42  percent  of  the  total  U.S.  production  of  crude 
oil.  The  percentages  from  these  largest  volume  oil  fields  grouped  by 
gravity  range  are  shown  below. 


Gravity  Range, 

API* * * § 

Producing  Fields 

20° -30* 

30* -40* 

40+r 

Culf  Coast  area 

4% 

22% 

5% 

West  Coast  are a 

i%t 

4* 

1 

Midcontinent  area 

Jj* 

_3$ 

— 

Total 

i% 

10% 

26% 

3% 

The  largest  volume  o f  crude  oil  used  by  refineries  la  in  the  30’ -40° 
API  gravity  range;  over  half  of  the  42  percent  la  in  this  range.  The 
crude  oil  production  moat  representative  is  that  from  the  Gulf  Coast 
area.  This  crude  oil  was  selected  as  being  comparoble  to  the  "normal" 
crude  supplied  to  the  largest  part  of  U.S.  petroleum  refining  industry, 
the  fuel  and  complete  processing  refineries.  Crude  oils  selected  as 
being  comparable  to  alternative  crudes  available  to  these  refineries 
we  re: 

.  20° - 26°  API  West  Coast  area 

•  20°-2S  API  llidcontineat  area 

Tho  20° -23°  API  Midcontinent  crude  (2  percent  of  U.S.  production)  was 
selected  over  the  30° -40°  API  Midcontinent  crude  (3  percent  of  U.S, 
production),  because,  under  postattack  conditions,  the  widespread  geo¬ 
graphical  locations  of  fields  an  the  latter  gravity  range  groun  could 
limit  the  availability  of  that  crude  oil  to  the  refineries. 

These  considerations  apply  principally  to  the  larger  refinories, 
which  produce  a  complete  range  of  products  or  mainly  fuels.  Smaller 


*  High  grovity  numbers  in  degrees  API  reflect  light  crude  oils, 

t  In  the  10° -15°  API  range, 

i  In  tho  20° -25°  API  range. 

§  Widely  separated  oil  fields. 
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specialty  refineries  noraal ly  use  only  crude  oils  ••(refitted  specifically 
for  their  us  a .  A  process  siailsr  to  that  described  ebuve  raaultad  in  a 
••lection  at  three  representative  specialty  crude  oila,  again  with  the 
consideration  that  a  crude  oil  coaparable  to  only  one  of  these  would 
represent  that  specialty  refinery's  "normal"  supply.  The  specialty  crude 
oils  selected  were  as  follows! 


Type  of  Refinery 


Comparable  Crude  Oil 


Asphalt 

Asphalt  and  lube 
Lube 


10* -15*  API  asphaltic 

10* -15*  API  asphaltic  and  lube 

30*-45*  API  lube 


Usable  alternative  crude  oils  for  specialty  refineries  are  the  three 
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largest  production  crudes  selected  far  fuel  and  coaplete  processing  re¬ 


fineries. 


This  is  shown  In  siugaary  fore  as 


follows ! 


Crude  Oil 

Fuel  and 
Coaplete 
Processing 

Asphalt 

Asphalt 
and  Lube 

Lube 

30* -40* 

API  Oulf 

K 

A 

A 

A 

20° -35* 

API  West  Coast 

A 

A 

A 

A 

20*  -35* 

API  Mldcontinent 

A 

A 

A 

A 

O 

«o 

r4 

1 

« 

o 

H 

API  asphaltic 

N 

10° -15* 

API  asphaltic  and  lube 

N 

30* -45’ 

API  lube 

N 

.1 

a 

i 


Mote:  N  *  coaparable  to  "noraal"  crude  oil  eupply, 

A  *  coaparable  to  alternative  crude  oil  supply. 


Underlying  the  selection  of  representative  types  of  crude  oils  was 
the  sssuaption  that  in  the  event  that  "noraal"  crude  oils  were  unavail¬ 
able  after  an  attack,  crude  oils  coaparable  to  the  other  categories 
would  be  available.  Because  on  attsck  might  disrupt  a  refinery's 
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"normal"  supply,  and  because  differences  la  crud*  oil  Input  effect  • 
refinery's  production  capability.  Each  refinery  would  be  able  to  oper¬ 
ate,  but  at  differing  levels  of  production,  by  use  of  one  of  the  alter¬ 
native  crudes  for  input. 

Refinery  Types 

Refineries  stay  be  grouped  by  similarities  in  size  and  in  types  of 
products  produced.  Similar  types  of  products  imply  similar  types  of 
processing  units,  and  this  in  turn  reflects  similar  refining  equipment 
in  those  processing  units.  Refineries  primarily  producing  fuels  com¬ 
prise  about  94  percent  of  the  nation's  crude  oil  refining  capacity.  The 
primary  purpose  of  the  resuming  6  percent  Is  the  production  of  specialty 
products,  asphalt  or  lube,  or  a  combination  of  these.  Within  each  of 
theae  two  groups,  fuels  and  specialties,  there  are  similarities  in  size 
and  degree  of  completeness  in  the  lice  of  products. 

In  general,  the  small  refineries  include  only  the  simple  processes, 
such  as  skimming  or  topping,  and  produce  a  limited  numbor  of  types  of 
fuel  and  asphalt  products.  Conversely,  the  large  refineries  ere  complex 
and  produce  many  products.  Both  characteristics,  refinery  size  and  types 
of  products,  are  important. 

The  details  neceasary  for  categorizing  refineries  are  available  in 
published  trade  journals.3  The  categorisation  selected  for  this  study 
was  that  developed  by  W,  L.  Nelson.9  In  using  Kelson's  categorization 
system,  each  rofinery's  processing  characteristics  were  investigated 
separately,  rather  than  with  refineries  grouped  by  large  company  owner¬ 
ship.  Peacetime  operations  by  large  multirefinery  companies  frequently 
include  shipments  of  intermediate  or  partially  finished  oil  products 
between  owned  refineries.  Xn  the  event  of  attack,  these  shipments  may 
cease,  changing  somewhat  the  processing  characteristics  of  some  refin¬ 
eries.  For  this  reason,  the  categorization  used  in  this  study,  reflecting 
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condition#  after  blest  damage,  mey  differ  slightly  from  the  usual  peace- 
tlMi  categorization.  Petroleum  refinerloa  have  been  grouped  into  six 
categories  that  give  recognition  to  both  the  types  of  products  and  the 
refinery  else: 

•  Large  fuel 

•  Small  fuel 

•  Complete  processing 

•  Asphalt 

•  Asphalt  and  lube 

t  Lube 

This  grouping  reflecte  the  uae  of  particular  refining  processes  in 
the  manufacture  of  particular  products.  In  developing  the  six  categories, 
each  refinery,  with  its  production  capacities,  is  identified  according  to 
five  types  of  processes  in  combinations: 

«  Alkylation  (manufacture  of  aviation  gasolines) 

•  Polymerisation  (manufacture  of  gasolines  from  light  gases) 

•  Lube  products 

•  Coke 

•  Asphalt 

Table  4  summarizes  the  six  refinery  types  by  combinations  of  process 
types,  and  detalla  the  capacities,  number  of  refineries,  and  average 
capacity  for  each  type. 

All  large  fuel  refineries  Include  alkylation  processing,  while  com¬ 
binations  of  the  other  four  selected  processes  are  fairly  well  distributed. 
The  large  fuel  refineries  account  for  the  largest  part  of  U.S.  refining — 
about  one-half  of  the  total  U.S,  capacity — but  this  category  includes 
leas  than  ona-fourth  of  the  total  number  of  refineries.  Capacity  of  the 
large  fuel  refineries  averages  78,000  B/D,  with  the  largest  capacity  at 
841,000  B/t)  and  the  smallest  at  36,000  B/D. 
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About  ona-half  of  tha  number  of  small  fuel  refineries  average  only 
ab^  3,400  B/D  capacity  and  do  sot  Include  any  of  tha  five  major  rc - 
t:  -\g  proceaaea  Hated  above.  Boat  of  the  other  half  of  the  small  fuel 

i  series  have  alkylation  and  asphalt  processes.  The  total  number  of 

s  'ell  fuel  refineries  la  about  one-half  of  the  total  number  of  refiner¬ 
ies,  but  the  total  small  fuel  capacity  la  only  one-fourth  of  the  total 
U.S.  capacity.  The  average  capacity  of  the  email  fuel  refineries  approxi¬ 
mates  114,000  B/D,  with  a  capacity  range  from  185,000  B/D  to  700  BA). 

In  the  complete  processing  refinery  category,  processing  Is  fairly 
evenly  distributed  among  the  combinations  of  the  five  selected  processes. 
Capacity  approximates  one-fifth  of  total  U.S.  capacity  and  is  contained 
in  only  12  refineries— less  than  5  percent  of  the  total  number  of  U.S. 
refineries.  The  average  capacity  of  this  type  of  refinery  is  about 
194,000  BA),  with  a  range  from  419,000  to  34,000  B/D. 

The  remaining  three  types  of  refineries  include  the  small  specialty 
refineries:  asphalt,  asphalt  and  lube,  and  lube.  None  of  them  have 
alkylation  processing,  but  each  has  either  asphalt  or  lube  processing, 
or  both,  depending  on  their  primary  product  line.  Capacities  of  the 
three  types  together  comprise  only  6  percent  of  the  U.S.  total  refining 
capacity.  Capacities  range  from  a  high  of  35,000  B/D  to  a  low  of  less 
than  1,000  B/D. 

Processing 

Within  the  refinery,  the  crude  oil  Is  fractionated  into  parts,  the 
parts  processed  to  change  their  structures,  and  the  resulting  products 
fractionated  further,  recombined,  and  treated  as  necessary  to  meet  mar¬ 
ket  demand.  Technology  in  the  structure -change  processes  has  progressed 
rapidly,  so  that  there  are  more  than  100  Identifiable  processes8  and 
their  modifications,  with  no  one  process  being  dominant. 
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K,  L,  Ne 1 non  has  d*v#i oped  a  grouping  of  processes  adaptable  to 
thla  study;  he  reduces  the  more  than  100  processes  to  16.  Table  3  de¬ 
tails  the  16  process  types. 

This  study  considers  that  tho  processing  unit  in  major  use  in  each 
type  of  structure-change  Is  representative  of  that  procesa.  For  example 
Orthoflow  Fluid  catalytic  cracking  Is  selected  os  representative  of  all 
catalytic  cracking.  Table  S  shows  both  the  choice  of  the  individual 
procesa  within  each  process  type  and  the  index  of  capacity  of  each  of 
these  16  procesaesi  In  terms  of  crude  topping  capacity  for  each  of  the 
six  refinery  categories.  Because  sequential  processing,  recycling,  and 
reprocessing  of  the  various  Intermediate  products  is  necessary  in  normal 
refining  operations,  the  total  of  the  processing  unit  capacity  Indices 
exceeds  100  for  all  refineries. 

The  sequences  and  relative  capacities  (capacity  indices)  of  proc¬ 
esses  are  illustrated  in  Figure  4,  a  simplified  flow  diagram  of  a  com¬ 
plete  processing  type  of  refinery.  This  shows  the  respective  locations 
and  capacities  of  the  principal  types  of  processes  in  the  overall  re¬ 
fining  process  flow. 

Equipment 

The  study  took  into  consideration  that,  ideally,  all  equipment  in 
a  petroleum  refinery  is  needed  during  the  normal  day-to-day  operations, 
However,  emergency  refining  operations,  such  as  could  exist  in  a  post¬ 
attack  period,  may  be  performed  with  some  pieces  of  equipment  out  of 
service.  To  estimate  accurately  both  a  refinery's  postattack  production 
capability  and  repair  requirement,  it  is  essential  to  know  three  factors 
the  operational  criticality,  the  blast  vulnerability,  and  the  repair 
requirements  for  each  piece  of  equipment  in  each  refining  process. 
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Table 


Operational  Criticality 

It  la  n«c«aa«ry  to  know  bow  reducing  or  eliminating  the  operability 
of  each  piece  of  equipment  affects  the  production  capability  of  the  cor- 
responding  process  unit  and  of  the  refinery.  The  equipment  whose  re¬ 
duced  or  eliminated  operation  causes  the  greatest  degradation  of  refinery 
production  capability  Is  of  most  concern. 

Blast  Vulnerability 

For  the  equipment  that  is  critical  to  refining  operations,  it  is 
also  necessary  to  know  its  vulnerability  to  overpressure.  Information 
on  both  the  overpressure  level  that  causes  damage  and  the  extent  of  the 
demage  le  needed.  The  equipment  that  is  extensively  damaged  at  low 
overpressures  is  of  most  concern. 

Repair  Requirements 

For  the  equipment  that  la  both  critical  to  refining  operations,  and 
vulnerable  to  blast  overpressure,  it  Is  necessary  to  know  what  la  re¬ 
quired  to  repair  and  reatore  it  to  operation.  Emphasis  la  placed  on  the 
critical  vulnarable  equipment.  tL.it  requires  a  large  amount  of  labor  and 
multiple  skills  to  repair. 

Selection  of  Items  equipment 

The  refinery  control  rooms  are  examples  of  equipment  of  concern  in 
ell  three  categories.  Equipment  that  may  be  critical  to  operation  but 
is  relatively  Invulnerable  to  low  overpressure,  or  that  requires  a  rela¬ 
tively  small  amount  of  repair  effort,  is  of  less  concern.  Examples  of 
these  are  heat  exchangers  and  pumps. 

Sources  of  information  about  equipment  vulnerability  are  published 
reports**10  an  both  petroleum  refineries  and  the  chemical  industry. 
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(Much  of  Uu i  equip*# (»t  u«*d  in  petroleum  refining  proc«?*a«#  Is  comparable 
to  that  used  in  the  chemical  processes,) 

Twenty-five  representative  Items  of  equipment  applicable  to  the 
various  refinery  processing  units  were  selected  on  the  following  bases: 

•  Criticality  of  equipment  to  process  unit  operation 

«  Vulnerability  of  equipment  to  blast  damage 

•  Necessity  for  a  large  amount  of  labor  and  multiple  skills  to 
repair  the  equipment 

Table  6  details  the  selected  items  of  equipment  and  indicates  their  in¬ 
clusion  in  the  16  types  of  processing  units. 

Although  a  particular  piece  of  equipment  performs  a  specific  func¬ 
tion  regardless  of  its  location  in  a  process  unit  or  its  inclusion  in  a 
particular  refinery  category,  its  size  and  therefore  its  reclamation 
requirement  is  a  direct  function  of  both  the  processing  requirement  and 
refinery  capacity.  Each  of  the  Included  pieces  of  equipment  are  indi¬ 
vidually  sized  for  each  processing  unit  in  each  refinery  category.  Cal¬ 
culation  methods  and  bases  of  equipment  sizing  are  detailed  In  Appendix  A. 

Products 

Equipment  developed  in  today's  industry  needs  specialized  fuel  and 
lubricant  products.  ThoBe  specialized  needs  designate  characteristics, 
requirements,  or  specifications  for  petroleum  products,  so  the  equipment 
can  meet  performance  standards  considered  to  be  normal  or  acceptable. 

As  a  result,  the  total  number  of  petroleum  products,  separately  identi¬ 
fied  by  specification,  is  well  over  1,000.  However,  many  large  groups 
of  products  are  made  in  the  same  kinds  of  processing  units  and  serve 
similar  markets  with  only  slight  differences  in  specifications. 
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Thin  study  assumed  that  *11  product*  cun  be  grouped  Into  seven  cate¬ 
gories,  combining  physical  characteristic*  and  general  market  end-use; 

•  Gasoline  *  Fuel  oil 

•  Kerosene  •  Asphalt 

•  Diesel  •  Coke 

•  Lube 

Gasoline  includes  all  types  of  motor  and  aviation  gasolines.  Kero¬ 
sene  includes  napthas,  solvents,  and  jet  fuels.  Diesel  Includes  all  types 
of  fuel  for  diesel  use.  Lube  Includes  all  waxes,  greases,  and  lubricating 
oils,  Fuel  oil  includes  all  types  of  residual  fuela  for  both  stationary 
boiler  and  seagoing  vessel  boiler  use.  Asphalt  includes  roofing  asphalt 
and  all  types  of  paving  and  road  oils.  Coke  is  used  primarily  for  fuel 
for  stationary  boilers,  for  electrodes  in  the  aluminum  industry,  and  for 
barbecue  briquettes. 

Product  specifications  cannot  be  iset  in  postattack  production  quan¬ 
tities  required  using  simple  "batch-still"  or  simple  "pipe-still"  distil¬ 
lation  equipment.  Modern  refining  equipment  and  methods  must  be  available. 

Validity  of  Industry  Descriptors 

Before  attempting  to  estimate  production  after  daaage  and  repair  ef¬ 
fort,  tre  descriptors  chosen  for  the  petroleum  refining  Industry  were  tested 
for  their  ability  to  picture  the  industry  as  it  now  stands.  In  total,  the 
selected  descriptors  give  results  that  are  representative  of  U.S.  petroleum 
refining.  The  designated  types  of  refineries,  their  respective  processing 
units  and  pieces  of  equipment — weighted  by  the  relative  capacities  of  these 
types  in  the  United  States,  and  using  the  "normal”  crude  oils  selected  for 
each  refinery  type — were  analyzed  by  the  accepted  abbreviated  methods  of 
estimating  production,  by  product.  This  yielded  a  calculated  product  mix 

that  closely  approximates  reported  U.S.  production,  as  shown  by  the  follow- 

4 

ing  comparison  with  Bureau  of  Mines  production  data; 
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Product 


Calculated 

Yield 

<%) 


Bureau  of 
Mine*  Data4 

<%> 


OiioUee  48%  4*% 

Kerosene  and  diesel  28  30 

Lube  2  2 

fuel  oil  12  7 

Asphalt  o  4 

Coke  3  2 

Other*  _  8 

Total  100%  100% 


Incluaioa  of  atlll  ga*  with  fuel  oil  In  the  abbreviated  calculation  method 
account*  for  the  only  large  discrepancy.  Bureau  of  Mlnea  data  show  thla 
aeparately,  under  "Other." 


In  some  Inatancea,  It  nay  be  desirable  to  estimate  poatattach  pro¬ 
duction  capubilltiea  of  individual  refineries  whose  crude  oil  and  proc¬ 
essing  equipment  differ  appreciably  fro*  the  average*  selected.  On  the 
baala  that  all  refineriea  of  one  type  produce  aiailler  product  mix* a, 
product  changes  resulting  from  change  of  crude  oil  characteristics  (l.e., 
degrees  API  gravity)  may  be  roughly  approximated  by  applying  ratios  de¬ 
rived  from  the  average  refinery  of  that  type.  This  is  illustrated  by 
gasoline  production  capabilities  of  a  large  fuel  type  refinery  with 
change  of  crude  oil: 


Crude  Oil,  Gasoline  Production, 

API  Gravity  Undamaged  (%) 


"Normal" 

Alternative 
Approximate  decrease 


30° -40* 
J»*-25* 
12* 


54% 

8-10 

44* 


*  Includes  still  gas,  petrochemical  feedstocks,  and  other  finished  products, 
f  Large  decrease  reflects  limited  capacity  of  fuel  oil  equipment  and  proc¬ 
essing  equipment  used  for  converting  heavy  oils  to  lighter  products. 
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Th e  approximate  ratio  la  44/94  parta  of  gasoline  par  13*  API  crude  oil 
change,  or  about  0,07  parta  par  1*  API. 

Than,  lor  a  particular  large  fuel  refinery  that  usually  la  supplied 
with  a  crude  oil  of  '*X"  degrees  API  and  Mist  be  aupplled  with  alternative 
crude  oil  of  "X"  -  10°  API,  the  gasoline  will  decrease  by 

-  10  x  0.07  a  0,7  parts 

With  initial  gasoline  production  capability  at  S4  percent,  the  reduced 
production  using  the  alternative  crude  oil  of  "X"  •  10*  API  will  roughly 
approximate 

54  X  (1  -  0.7)  =  16% 

Similar  approximations  may  be  made  for  other  products. 

In  this  illustration  the  large  decrease  of  gasoline  with  use  of  a 
heavier  crude  oil  la  baaed  on  the  refinery  initially  having  all  processing 
units  siaed  to  operate  at  full  capacity  with  the  "normal"  crude.  With 
heavier  crudes,  the  heavy  oil  processing  unit*  limit  the  total  refinery 
capacity.  Gasoline  production  from  Individual  refineries  with  excess 
heavy  oil  processing  capacity  of  course  would  not  drop  as  far  as  the 
16  percent.  The  determination  of  the  decrease  would  require  further 
study. 


IV  RSFINSRY  VUUORABILiry 


The  vulnerability  of  petroleum  rafiaary  equipment  to  blaat  dull*, 
drawn  Iron  published  sources, 9 ',0  indicates  that  cooling  towers,  control 
rooms ,  fired  beaters,  and  tanka. -essential  item#  In  nearly  ail  types  of 
petroleum  processing — are  susceptible  to  blaat  damage  at  low  overpressures. 

Cooling  Tower 

A  cooling  tower  Is  the  essential  part  of  a  water  cooling  syatem, 
Cooled  water  from  a  large  basin  or  reservoir  at  the  foot  of  a  cooling 
tower  la  pumped  to  the  individual  refinery  processing  units,  where  It 
cools  various  hydrocarbon  streams  In  heat  exchangers.  As  the  warmed 
water  returns  to  the  top  of  the  cooling  tower,  it  is  distributed  or 
sprayed  over  baffles.  Atmospheric  evaporation,  either  with  natural 
convection  air  currents  or  with  forced  draft  fans,  cool  the  water  as  it 
drains  back  to  the  basin  or  reservoir. 

Characteristically,  those  water  cooling  towers  are  lightweight.  To 
function,  they  aust  have  numerous  water  and  air  flow  baffles  with  suffi¬ 
cient  open  space  for  large  quantities  of  air  to  enter,  flow  through,  and 
exhaust.  The  only  strength  required  by  such  a  tower,  other  th°n  that 
needed  to  withstand  normal  wind  pressure,  is  that  needed  to  support  its 
own  weight.  This  weight  consists  of  structural  members  and  appropriate 
baffles  to  properly  channel  air  flows  and  water  flows,  piping  to  return 
the  warmed  water  to  the  top,  distribute  it,  and  possibly  forced-draft 
fans.8*1 »li  *la 
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Construction  materials  here  must  withstand  a  constant  wars  and 
moist  atmospheric  condition.  Refiners  have  found  the  most  satisfactory 
materials  for  this  service  to  be  redwood  and  asbestos. 

Published  sources0'10  Indicate  that  these  cooling  towers  are  sus¬ 
ceptible  to  blast  dosage  at  about  0.3-0, 5  psi  overpressure.  A  large 
cooling  tower  90  ft  wide,  76  ft  high,  and  325  ft  long  is  damaged  at 
about  0.3  psi.0  At  this  overpressure,  the  corrugated  asbestos  louvers 
on  the  windward  side  will  shatter  and  their  fragments  will  be  blown  into 
the  interstices  of  the  tower,  with  little  or  no  damage  to  the  internal 
parts  of  the  structure,  A  small  cooling  tower  of  three  cells,  each 
20  ft  wide,  20  ft  long,  and  15  ft  high,  is  damaged  at  about  0.5  psi  to 
1.0  psi,10  when  corrugated  asbestos  louvers  on  the  blast-loaded  side 
shatter  and  are  blown  into  the  interstices  of  the  tower;  probability  of 
failure  is  1  percent  at  0.5  psi,  50  percent  at  0.75  psi,  and  99  percent 
at  1.0  psi. 

For  this  study,  the  outer  louvers  were  assumed  to  break  at  about 
0.3  to  0.5  psi  overpressure,  because  petroleum  refineries  normally  use 
large  cooling  towers.  The  loss  of  the  louvers  decreases  the  efficiency 
of  the  tower  to  about  70  percent  but  does  not  completely  shut  down  the 
refinery. 

Higher  overpressures  result  in  greater  damage.  At  about  1.5  psi 
overpressure,  approximately  25  percent  of  the  interior  baffles  are  de¬ 
stroyed,10  reducing  cooling  tower  efficiency  to  about  50  percent.  At 
about  3.5  psi,  the  tower  structure  collapses9  and  must  be  rebuilt. 

Before  rebuilding,  water  could  temporarily  be  cooled  on  an  emergency 
basis,  if  other  refinery  equipment  still  operable  required  cool  water, 
by  spraying  the  circulating  warmed  water  over  the  surface  of  the  collect¬ 
ing  basiu  or  on  th*  mass  of  debris  that  may  remain.  This  would  accomp¬ 
lish  some  cooling,  similar  to  a  simple  cooling  spray  pond. 
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Controls 


Tha  electrical  controls  of  a  processing  unit  (manual  switches  and 
renote-operated  electrical  switches  for  motor  operated  equipment)  are  a 
part  of  Its  control  system.  These  controls,  or  switchgear,  are  charac¬ 
teristically  housed  in  rooms  with  structural  ctoel  roofs.  Published  data 
indicate  that  the  utael  type  roofs  of  switchgear  rooms  collapse  at  1,0 
psi,  causing  damage  to  the  switchgear. 

In  tin  central  instrument  control  roon  are  the  various  instruments 
required  for  adequate  indication  and  control  of  process  conditions. 
Characteristically,  these  instruments  are  glass-fronted  and  some  may 
contain  Jewel-bearing  Wheatstone  bridge  galvanometers.  A  low  overpres¬ 
sure  level  of  about  0.S  psl  will  break  the  glass  fronts  and  possibly 
damage  the  jewel-bearing  parts,  rendering  the  instruments  unusable. 

The  instrument  control  equipment  of  a  process  unit  is  normally 
housed  in  rooms  with  either  a  structural  steel  roof  or  a  precast  con¬ 
crete  roof.  This  study  assumed  that  the  steel  roof  is  used  on  the 
older,  less  expensive,  and  less  complex  process  units,  i.e.,  the  crude 
topping,  vacuum  flashing,  light  oil  treating,  and  aBphalt  process  units. 

Published  data9  indicate  that  structural  steel  roofs  on  instrument 
control  rooms  survive  a  1,0  psl  overpressure  because  outer  windows  have 
broken,  relieving  the  roof  pressure.  However,  it  was  assumed  that  instru 
menta  are  damaged  from  flying  shattered  glass  particles  at  1.0  psl. 

The  concrete  roof  is  found  in  instrument  control  rooms  in  complex 
process  units  or  in  process  units  requiring  "double-dock"  structures. 
Published  data9  indicate  that  control  rooms  with  concrete  roofs  suffer 
frame  deformation  at  1.0  psi  and  that  the  roofs  of  all  control  rooms 
collapse  at  1,5  psi  overpressure. 
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Control  systems,  frost  the  instrument  to  the  equipment  that  is  con¬ 
trolled,  normally  consist  of  pressure-controlled  pneumatic  systems  or 
low  energy  electrical  systems.  The  pneumatic  systems  are  susceptible  to 
dust  and  pinched  tubing  difficulties;  the  electrical  systems  are  sus¬ 
ceptible  to  wiring  breakage  or  short-circuiting.  Those  conditions  of 
instrument  damage  can  be  expected  after  collapse  of  the  control  room 
roof . 

Thus,  it  is  considered  that  at  1.0  psi  the  crude  topping,  vacuum 
flashing,  light  til  treating,  and  asphalt  processing  units  would  be  shut 
down  because  of  damage  to  their  control  rooms.  It  is  recognized  that 
emphasis  would  be  placed  on  repair  of  the  crude  topping  unit  sufficiently 
to  permit  production  of  at  least  some  products,  Because  the  crude  topping 
process  is  moderately  simple  in  operation,  it  can  operate  to  some  degree 
with  partial  manual  control.  The  author  has  assumed  that  sufficient 
emergency  repair  could  be  made  to  the  crude  topping  unit  to  permit  it 
to  operate  at  50  percent  of  initial  capacity, 

The  vacuum  flashing,  light  oil  treating,  and  asphalt  processes  would 
remain  shut  down  until  scheduled  postattack  repair  could  be  made.  Until 
these  units  are  repaired,  the  fuels,  complete  processing,  and  lube  re¬ 
fineries  could  not  operate  at  more  than  50  percent  of  initial  capacity; 
some  products  do  not  meet  normal  specifications.  However,  the  asphalt 
and  asphalt  and  lube  refineries  suffer  greater  capacity  reduction  be¬ 
cause  the  process  units  of  thoir  principal  product,  asphalt,  are  shut 
down. 

At  1,5  psi  overpressure,  all  refinery  processing  is  shut  down  be¬ 
cause  of  damage  to  '~>ntrol  systems. 
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Fired  Heater 


The  application  of  heat  in  petroleum  processing  la  primarily  by 
means  of  a  fired  heater.  Characteristically,  this  la  an  Insulated  brick¬ 
work  fire  box  with  oil-flow  tubes  along  its  inner  surfaces.1  *  1*  At 
about  2.0  psl  overpressure,  the  insulated  brickwork  breaks  and  pieces 
fall  to  the  bottom  of  the  box,  damaging  the  burners  and  redirecting  the 
flow  of  heat  in  the  fire  box.9  This  allows  excessive  channeling  of  hot 
Hue  gases  to  one  part  of  the  firebox,  with  resultant  overheating  and 
equipment  failure.  It  is  assumed  that  the  fired  heater  is  unusable 
after  2.'i  psl. 

Tanks 

The  fourth  item  of  refinery  equipment  that  suffers  damage  at  low 
blast  overpressure  is  tankage,  for  storage  of  crude  oil,  intermediate 
products,  and  finished  products.  Adequate  storage  capacity  is  essential 
to  maintaining  proper  relative  throughputs  among  processing  units  within 
a  refinery.  Blast  damage  to  tanks  occurs  over  a  wide  range  of  over¬ 
pressure.  However,  the  damage  effects  that  could  stop  refining  opera¬ 
tions  occur  at  overpressures  above  1.5  psi,  where  operations  are  already 
stopped  because  of  control  house  roof  collapse. 

The  roofs  of  cone  roof  tanks  collapse  and  aink  to  the  bottom  of  the 
tank  after  about  1  psi  overpressure,0  although  the  tank  may  still  be  used 
in  this  condition  on  an  emergency  basis.  For  either  a  cone  roof  or  a 
floating  roof  type  of  tank,  the  overpressure  level  that  will  cause  dam¬ 
age  that  stops  storage  operation  will  vary  with  the  relative  amount  of 
liquid  in  the  tank.9*10  About  3  psi  overpressure  will  rupture  and  up¬ 
lift  a  half-filled  tank,  while  about  6.5  psi  overpressure  will  rupture 

iij 

and  uplift  a  tank  0.9  filled.  Under  normal  operating  conditions,  re¬ 
finery  tankage  averages  about  one-haif  filled.  Thus,  tankage  is  con-  t 

S 

sidered  to  be  unusable  after  about  3  psi  overpressure.  f 

I 


43 


Bated  on  the  above,  the  pattern  of  continued  production  capability 


after  low  overpressure  la  at  follows: 


Overpressure 


Production  Capability  at  Percent 
of  Initial  Capacity 

Asphalt,  and 
Fuel,  Asphalt 

Complete  Processing  and  Lube 

Damage  To _  and  Lube  Reflnerlen  Refineries 


<  0.3 


100% 


100% 


0.3-0, 5  Cooling  tower, 

glass-fronted 
instruments 


1.0  Control  instruments 

and  switchgear 

>  l.S  All  processes,  be¬ 

cause  of  damage  to 
control  rooms 


70 


SO 

0 


70 


15-22 


0 


Figure  5  summarizes  the  complete  range  of  blast  damage  affects  from 
0.3  to  20  pal,  drawn  from  published  literature®*10  for  each  of  the  se¬ 
lected  25  types  of  equipment  critical  to  petroleum  refineries. 
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FIGURE  5  BLAST  OVERPRESSURE  EFFECTS  ON  VULNERABLE  REFINERY  PARTS 


V  REFINERY  REPAIR 


After  a  refinery  is  subjected  to  blast  overpressures  of  1.5  psi  or 
greater,  there  will  be  equipment  to  be  repaired  in  many  process  units; 
even  under  normal  conditions,  the  magnitude  of  repair  effort  would  be 
such  that  only  a  few  process  units  could  be  repaired  simultaneously. 

Titus,  It  crtit  be  assumed  that  the  repair  of  process  units  will  take  place 
in  sequential  stages.  Selection  of  the  sequence  of  refining  unit  repair 
will  be  determined  by  which  products  to  produce  and  in  what  volume,  or 
conversely,  the  selection  of  the  sequence  will  determine  products,  vol¬ 
umes,  and  quality  of  product, 

This  study  selected  the  repair  sequence  according  to  the  logic  that: 

•  It  is  .unt  important  to  restore  enough  operating  capability  to 
produce  some  engine  fuels--ga8olino,  kerosene  (including  J^t 
fuels),  and  diesel--regardless  of  individual  product  quality. 

•  Next  in  importance  is  to  increase  the  volume  of  those  fuels. 

•  Next  in  importance  is  to  Improve  fuel  quality. 

•  Last  In  importance  is  the  production  of  nonfuels. 

Repair  Stages 

On  this  basis,  the  repair  sequence  selected  consists  essentially  of 
four  major  stages: 

Repair  Stage  A  -  Repair  the  crude  topping  unit 

Repair  Stage  B  -  Repair  the  processing  units  used  in  cracking 
processes 

Repair  Stage  C  -  Repair  the  processing  units  used  in  upgrading 
products 

Repair  Stage  D  -  Repair  all  other  processing  units 


47 


Thin  sequence  applies  principally  to  fuel*  and  complete  processing  re¬ 
fineries.  In  the  postattack  period  there  will  be  some  need  for  lube  and 
asphalt  products,  even  though  their  volumes  are  expected  to  be  small  with 
respect  to  the  demand  for  fuels,  To  permit  production  of  these,  the  re¬ 
pair  of  specialty  refineries  differs  front  the  sequence  above  enough  for 
specialty  products  to  be  produced  in  conjunction  with  whatever  fuels 
these  rof inerica  can  produce. 

The  sequence  of  processing  unit  repair  for  each  refinery  type  is 
summarised  in  Table  ?, 

Oue  underiving  principle  used  in  establishing  estimating  factors  for 
repair  is  that  the  repair  effort  will  be  completed  only  to  the  degree  nec¬ 
essary  to  permit  refining  unit  operation,  but  that  for  the  particular 
equipment  repaired,  the  repair  must  be  complete.  The  repaired  equipment 
or  system  would  be  virtually  identical  to  the  preattack  system  condition, 
and  all  equipment  that  forms  a  part  of  the  process  unit's  operation  must 
be  repaired  before  that  process  unit  con  Operate.  (When  a  completely  re¬ 
paired  process  unit  goes  back  on  stream,  production  increases  by  the 
increment  of  product  processed  In  this  unit,) 

While  following  this  principle  means  complete  reclamation  of  most 
parts  of  the  ropalred  refining  process  unit  (fired  heaters,  control  houses, 
fractionation  columns,  and  ao  forth),  it  excludes  repair  not  necessary  to 
refining  unit  operation  at  that  time  (spare  equipment,  unneedod  stool 
structural  work,  painting,  and  the  like). 

Repair  requirements  data  ware  drawn  from  published  sources.9  10  In 
instances  of  conflict  of  data,  or  of  Incomplete  data,  appropriate  esti¬ 
mates  wore  made. 
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AIM®  AT  EACH 


Quantity  of  Production  In  Repaired  Re  finer la a 

~  "  I 

Under  normal  condition*  a  refintry  operate*  at  or  near  It*  capacity, 
at  a  nearly  balanced  condition  with  regard  to  operating  equipment;  the 
crude  topping  unit  operate*  at  maximum  crude  oil  throughput  to  produce 
raw  stock*  of  gasolinr,  kerosene,  diesel,  and  residual  product*  at  the 
percentage*  appropriate  to  the  crude  oil  aupply.  All  processing  unit* 
are  aised  to  process  these  raw  stock  quantities.  With  a  major  chans*  in 
crude  oil  supply,  one  of  ihe  subsequent  processing  units  nay  be  :om*  the  1 

Uniting  factor  of  total  refinery  production,  because  the  compoaants  of 
the  alternative  crude  oil  nay  not  necessarily  be  in  the  proportions  re¬ 
quired  by  the  existing  processes  to  sake  the  desired  product  nix.  Re¬ 
finery  production  capability  can  be  United  by  the  capacity  of  one  par¬ 
ticular  processing  unit,  Further,  if  the  capacity  of  that  processing 
unit  has  ocon  reduced  by  blast  damage  effects,  total  refinery  capability 
1*  reduced  correspondingly .  This  can  be  illustrated  by  a  simple  exawple : 

A  163,000  B/D  refinery  may  be  designed  to  operate  on  a  crude 
oil  that  normally  has  a  maximum  of  IS  percent  of  raw  product,  P. 

The  processing  units  for  product  P  are  slaed  accordingly  at 
0.13  X  165,000  a  24,730  B/D.  If  the  crude  oil  is  changed  to 
one  with  43  percent  of  P,  the  processing  of  P  is  still  United 
to  24,750  B/D.  This  limits  crude  oil  throughput  to  24,750/ 

0.43  =  33,000  B/D,  even  though  the  refinery  was  designed  for 
163,000  B/D. 

If  the  capacity  of  the  process  units  for  product  P  have  been 
reduced  to  one-half  of  normal  (from  blast  damage),  the  crude 
oil  throughput  is  limited  to  1/2  X  55,000  B/D  =  27,300  B/D. 

Table  8  compares,  at  each  repair  stage,  the  product  yields  from 
the  six  selected  types  of  refineries,  UBlng  the  selected  "norsul"  crude 
oils  and  the  product  yields  that  could  be  expected  from  crude  oils  com¬ 
parable  to  the  selected  alternative  crude  oils. 
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REFINERY  PRODUCTION  CAPABILITY  BY  REPAIR  STAGE 
WITH  "NORMAL”  AND  ALTERNATIVE  CRUDE  OHS 
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See  Section  III  for  selection  of  normal'*  and  alternative  crude  oils* 


The  limits  placed  on  production  capability  by  the  use  o f  alternative 
crude  oils  are  pronounced  in  the  asphalt  and  the  asphalt  and  lube  refin¬ 
eries.  This  limited  capability  reflects  the  emphasis  on  only  light  fuel 


products  coupled  with  the  volume  limitations  of  repaired  and  'parable 
processes,  as  well  as  the  difference  in  crude  oil  supply.  The  refinery 
normally  uses  heavy  crude  oils  to  produce  mainly  asphalt-type  products 
and  has  limited  process  capacity  to  produce  gasoline. 

In  Repair  Stage  A,  the  crude  topping  process  unit  is  repaired  and 
some  light  fuel  products  can  be  produced,  If  the  refinery  must  use  an 
alternative  crude  oil  that  contains  a  large  percentage  of  a  gasoline- 
type  raw  product,  the  refinery  throughput  is  limited  by  the  gasoline 
processing  capacity.  As  successive  repair  stages  B,  C,  and  D  are  com¬ 
pleted,  more  of  the  crude  oil  is  converted  into  a  gasoline-type  product. 
However,  the  gasoline  processing  units  remain  the  limiting  capacity  fac¬ 
tor,  so  that  the  resultant  total  throughput  never  achieves  production 
levels  equalling  initial  refinery  capacity. 

If  gasoline  could  be  blended  into  kerosene  and  diesel,  the  through¬ 
put  would  be  expected  to  increase  with  increased  repair  completed.  The 
degree  of  this  increase  could  be  determined  only  after  further  study. 

Quality  of  Products  After  Repair 

Products  that  can  be  produced  after  the  early  stages  (A  and  B)  of 
refinery  repair  will  not  necessarily  be  "on-grade"  (meet  today's  speci¬ 
fications),  Under  postattack  conditions  after  low  overpressure  (0.3- 
0.5  psl),  it  is  assumed  that  refineries  can  operate  with  balanced  op¬ 
erating  conditions:  capacities  of  process  units  within  a  refinery  re¬ 
main  proportional  to  preattack  capacities,  and  products  receive  adequate 
processing  to  meet  specifications. 
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After  1,0  psl,  all  process  units  except  vacuus  flashing,  light  oil 
treating,  and  asphalt  arc  capable  of  operating  at  &0  percent  of  initial 
capacity.  Some  .products  could  meet  specifications. 

After  1,5  psi  or  higher  overpressures,  however,  all  refinery  proc¬ 
essing  units  ore  shut  down,  Making  repairs  in  sequential  stages  tempo¬ 
rarily  leaves  some  process  units  Inoperable,  it  is  assumed  that  in  the 
early  repair  stages,  raw  gasoline  stock  (and  other  fuel  stocks)  can  be 
produced,  but  other  process  units  to  upgrade  the  gasoline  and  keep  it 
"on-grade"  are  temporarily  Inoperable.  As  a  result,  gasoline  (and  other 
fuels)  arc  expected  to  be  of  lower  quality  than  that  normally  produced. 

This  study  took  into  consideration  that  in  the  postattack  period 
the  short  term  operability  of  engines  is  of  such  importance.  While  the 
light  oil  treating  process  units  are  shut  down,  fuel  specifications  can¬ 
not  be  met,  so  that  short  term  operation  of  engines  must  take  precedence 
over  possible  degradation  of  engine  life  over  the  long  term. 

The  study  also  recognised  that  engines  can  operate  on  fuels  other 
than  those  for  which  they  were  designed.  Tests  have  been  made  of  this, 
and  in  many  Instances  results  have  been  satisfactory  with  the  acceptance 
of  a  decreased  efficiency  and  a  potential  increase  of  maintenance.  The 
degree  of  decreased  efficiency  and  the  degree  of  increased  maintenance 
that  could  be  tolerated  would  reflect  the  urgency  of  the  need  for  the 
work  of  the  engines  and  for  the  refineries'  production.  Investigation 
of  these  trade-offs  is  beyond  the  scope  of  this  study,  so  a  refinery 
product  is  considered  usable  as  long  as  it  is  within  its  normal  boiling 


range . 


Labor 


Model  Formulation 

The  labor  effort  required  to  repair  a  particular  piece  of  equipment 
after  bloat  damage  la,  in  general,  a  function  of  both  the  complexity  of 
that  equipment  and  Its  vulnerability  to  damage,  as  well  ao  a  function  of 
its  size  and  type,  To  adequately  relate  the  required  repair  labor  to  tha 
equipment  condition  after  bleat  overpressure,  the  labor  la  expressed  as 
a  function  of: 

•  Overpressure  level 

•  Lowest  overpressure  levol  to  csubc  equipment  damage 

•  Maximum  labor  to  completely  repair  the  equipment 

•  Equipment  size 

For  the  purpose  of  estimating  labor  requirements,  a  mathematical 
model  developed  by  URS  Systems  Corporation  was  selected.-  °  This  model 
combines  a  basic  modol  or  mathematical  function  describing  the  repair 
labor  required  for  a  particular  alee  of  equipment  with  a  scaling  model 
describing  the  effects  o:.  ;quipment  size.  The  basic  model  is: 

8  =  L  [l  - 

where  R  =  repair  effort  (man-days) 

I  ■•=  maximum  repair  effort  (man-days) 
p  »  overpressure  (psl) 

x  =  lowest  overpressure  (SO  percent  probability  estimate) 
at  which  damage  is  observed,  psl 

k  s  a  constant  for  given  equipment 

y  =  a  constant  for  given  equipment 

The  constants  k  and  y  give  an  expression  that  best  fits  existing  data 
for  repair  requirements  of  each  type  of  equipment.  The  base  of  the 
natural  or  naperian  logarithms  is  represented  by  the  letter  e. 
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Thin  basic  nodal,  however,  describes  the  repair  effort  for  only  one 
equipment  sise.  Because  a  petroleum  refinery  may  have  many  different- 
alaed  piece*  of  equipment  of  the  same  type,  it  is  necessary  to  scale  the 
labor  requirements  to  the  particular  equipment  site.  Thi*  1*  dona  with 
the  scaling  factor: 

■ft)'*’ 

where  m  «  a  constant  for  a  given  equipment  component 

C  a  capacity  or  size  of  equipment  component  being  investigated 
C  a  capacity  or  size  of  equipment  component  standard 

b  =  a  constant  for  a  given  equipment  component. 

The  constants  m  and  b  are  selected  for  each  type  of  equipment  to  yield 
appropriate  scaling  for  types  of  repair  that  could  change  with  equipment 
size  (welding  a  seam  on  a  large  or  on  a  small  tank) ,  or  remain  the  same 
without  regard  to  size  (replace  instrument  gauges) .  At  the  overprossure 
levels  at  which  damage  effects  change,  these  constants  will  change  value. 

The  combined  model  used  in  this  study  is: 


-  - 

9 

* 

R  =  L 

-k(p-x) 

1  -  e 

fc 

“  I  r 

+  b 

s 

\ 

o/ 

.  J 

m 

where  R  =  repair  effort  in  man-days  for  each  specified  size  piece  of 
s 

equipment . 

Table  9  lists  the  seven  parameters  (L,  k,  x,  y,  m,  b,  C^)  for  the 
labor  requirement  model  for  each  of  the  selected  25  types  of  equipment. 
These  are  applied  to  the  size  characteristics  of  each  piece  of  equipment 
to  estimate  the  labor  required  for  repair  after  blast  overpressures  of 
0.5,  1,  5,  and  10  psl. 
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The  result*  of  this  application  show  the  amount  of  repair  required 
In  terms  of  blast  overpressure  level,  for  the  average  or  representative 
alac  of  each  type  of  refinery.  To  determine  the  effect  of  refinery  also, 
on  repair  requirement,  the  capacities  of  the  refinery  types--lerge  fuel, 
asphalt,  and  lube--were  varied  and  the  rnaultant  repair  requirements 
determined, 

The  results  for  the  six  type*  of  re finer lea  at  average  capacities 
end  for  the  three  capacity  variations  are  summarized  in  Table  10.  The 
results  indicate  that  the  initial  capacity  or  size  of  a  refinery  is  the 
px'edominant  influence  in  determining  the  repair  requirement,  Refinery 
repair  needed  after  blast  damage  is  within  a  given  range,  regardless  of 
the  type  of  refinery.  This  is  illustrated  in  Figure  6. 

An  example  of  the  application  of  the  seven  parameters  (Table  9)  to 
selected  refinery  equipment  is  as  follows: 


Refinery  type 
Refinery  capacity 
Processing  unit 
Equipment 
Number 
Volume,  each 
Overpressure 


Small  fuel 
24,000  B/D 
Crude  topping 
Fired  heaters 
2 

15,000  cu  ft 
10  psi 


=  247  man-days  to  repair  these  two  fired  heaters. 
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LABOR  REQUIREMENT  IN  T! 


T 


REPINBRV  TYPf 

LARGE  PUEl 
LARGE  FUEL 
SMALL  FUEL 
COMPLETE  PROCESSING 
ASPHALT 

asphalt 

ASPHALT  AND  LUBE 

LUBE 

LUBE 


CAPACITY 
SARRtLS  PER  DAY 

70.000 
I  BOM) 

74000 

104,000 

13,000 

14,000 

4.000 

3)000 


OVERPRESSURE 

LEVEL 


REPINERY  CAPACITY  IN  THOUSANDS  Of  BARRELS  PER  OAY 

FIGURE  6  INDIVIDUAL  REFINERY  LABOR  REQUIREMENTS 
TO  RESTORE  100  PERCENT  CAPACITY  AFTER 
SELECTED  BLAST  OVERPRESSURE  LEVELS 
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Similar  calculation*  ware  made  lor  the  other  equipment  anti  process 
unit*  included  in  that  >«m  refinery.  To  repair  the  crude  topping  proc¬ 
eed  unit  after  10  pal  require*  about  24,800  man-day*  out  of  a  total  of 
77.000  man-days  to  repair  the  entire  refinery.  These  calculations  high¬ 
light;  the  fact  that  in  that  type  of  refinery,  the  crude  topping  unit 
require*  oae-third  of  the  total  repair  effort  after  10  pal. 

Because  of  the  differing  vulnerabilities  of  different  pieces  of 
equipment  and  the  variations  in  the  amount  of  labor  needed  to  repair  that 
equipment,  the  total  repair  labor  required  to  restore  100  percent  capac¬ 
ity  of  a  refinery  Is  not  a  linear  function  of  blast  overpressure  level. 
However,  the  amount  of  labor  after  a  specific  overpressure  level  is 
roughly  proportional  to  the  amount  of  equipment  in  a  refinery.  The  re¬ 
pair  labor  requirement  can  be  expressed  as  a  range  of  labor  required  for 
a  given  Initial  refinery  capacity  and  blast  overpressure  level.  Fig¬ 
ure  6  Illustrates  this  graphically.  For  oxamplo; 

Any  24,000  0/D  refinery  is  expected  to  require  between  about 
60,000  and  90,000  man-days  of  repair  labor  after  10  pal  over¬ 
pressure. 

The  range  increases  with  increasing  overpressure.  At  very  low  overpres¬ 
sure  levels,  only  a  moderate  amount  of  equipment  la  damaged  (cooling 
towers  and  storage  tanks)  and  the  range  of  repair  effort  is  small. 

Since  specialized  equipment  in  different  process  units  is  damaged  at 
higher  overpressures,  there  is  a  wider  range  of  repair  effort  at  any 
given  refinery  capacity,  depending  on  the  type  of  refinery  and  the 
equipment  included. 

The  consistency  of  the  calculated  labor  requirements  may  be  visu¬ 
alized  by  comparing  them  oith  new  refinery  construction  costs.  For  a 
rough  approximation,  the  current  labor  rate  is  about  $6.10  per  hour,13 
and  labor  cost  constitutes  about  60  percent  of  total  refinery  costs.3 
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On  these  bases,  the  sppronclmate  coat  of  refinery  repair  after  a  10  pal 
bleat  i«  calculated  an  shown  in  Table  11,  These  data  ere  compared  with 
the  overall  average  coats  of  new  refineries  in  figure  7,  The  results 
indicate  that  the  calculated  labor  repair  requirements  bear  a  similar 
relation  to  refinery  aixe  and  type.  The  difference  between  the  repair 
coat  after  10  psi  and  full  refinery  costs  includes  design  engineering) 
equipment  damaged  hut  considered  not  absolutely  essential  to  immediate 
operation  (i.e,,  spare  equipment),  and  the  cost  of  the  equipment  pieces 
not  y«t  damaged  at  10  psi  overpressure. 

Crafts 

For  each  piece  of  refinery  equipment  that  has  been  considered  to  be 
damaged  by  blast  overpressure,  published  sources9'10  have  detailed  the 
individual  crafts  or  skills  that  would  be  entailed,  the  equipment  that 
those  crafts  would  require,  and  the  types  of  materials  necessary  to  do 
the  repair  work. 

While  there  is  a  strict  differentiation  maintained  among  the  crafts, 
there  are  Instances  of  basic  similarities.  In  a  time  of  emergency,  it  is 
conceivable  that  one  craft  could  quickly  learn  the  techniques  of  a  similar 
craft  to  circumvent  skill  or  craft  shortages.  A  published  article.  Oil 
and  Oaa  Journal,  December  5,  1966,®  indicates  current  thought  along  this 
line.  Crafts  can  be  grouped  by  similarities  of  repair  requirements ,  One 
possible  grouping  is: 


Group 


Included  Current  Craft  or  Skill 


General  construction 
Uutal  fabrication 
Machining 

E loc tr ici an/ins t rumen t 


Mason,  rigger,  carpenter 
Welder,  boilermaker,  pipefitter 
Machinist,  millwright 
Crafts  for  control  instruments 
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TYRE 
LARGE  FUEL 
LARGE  FUEL 
SMALL  FUEL 
COMPLETE  PROCESS* MG 
ASPHALT 
ASPHALT 

ASPHALT  AMO  LU«E 

LUBE 

LUBE 


capacity,  barrels  per  day 

74,000 
1S0.000 
34,000 
144  ABO 
13.000 
14.000 
7.000 
4,000 
37,000 


10  too 

REFINERY  CAPACITY  IN  THOUSANDS  of  barrels  per  day 


FIGURE  ? 


COST  TO  RESTORE  REFINERIES  TO  100  PERCENT 
OVERPRESSURE,  COMPARED  WITH  NEW  REFINERY 


CAPACITY  AFTER  10  PSI  BLAST 
CONSTRUCTION  COST 
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Based  on  such  groupings,  the  general  craft  requirement*  for  refin¬ 


ery  repair  after  the  various  overpressure  levels  can  be  summarized  as 
follows : 

Equipment 

pal  Repair  Craft  Comments 

0. 3-0.5  Cooling  tower  Carpenter  Outer  louvers  broken 

0,5  Instruments  Glazier  Glass  fronts  broken 

l. 0-5.0  Structure  and  General  construction  Structures  deformed 

and  tank  Metal  fabrication  and  "soft"  equlp- 

Electrlclan/lnstrument  ment  damaged 

5-10  Equipment  General  construction  Equipment  displaced 

relocation  Metal  fabrication  from  foundation 

Machining 

Electric! an/ins trumont 

10  and  Nearly  total  General  construction  "Hard"  equipment 

higher  rebuilding  Metal  fabrication  suffers  damage 

Machining 

Electrician/lnstruoent 

Repair  Materials 

The  materials  required  for  repair  of  refineries  are  readily  classi¬ 
fied  by  type.  However,  the  quantities  of  materials  will  vary  with  the 

blast  overpressure  level,  the  type  of  equipment  being  repaired,  and  the 
size  of  that  equipment.  The  characteristics  of  equipment  (see  Appendix  A) 
are  given  in  dimensions  such  that  the  required  quantities  of  materials 
for  repair  may  be  calculated  when  necessary.  For  example,  the  amount  of 
brick  required  for  a  fired  heater  may  be  estimated  as  follows: 

•  Simplest  conf iguration  -  cube  of  'V'  ft  on  each  side 

•  Brick  wall  thickness  -  1  ft 

•  One  internal  fire-bridgewall,  2  ft  thick,  3/4  of  wall  height 
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«  Roof,  equal  to  wall  dimensions 
•  Floor,  equal  to  wall  dimensions 


Outer  brick  shell  volume  «  fl  Ws  x  1  •  6,0  »* 

Bridgewall  brick  volume  *  3/4  W*  X  2  =  1,5  Wa 

Total  brick  volume  7,5  W* 

Heater  volume  =  W3 

3/3 

Brick  volume  =  7.5  X  (heater  volume) 

One  brick  *  2"  X  4"  X  8"  »  0,037  cu  ft 

2/3 

Number  of  brick  * 

0.037  cu  ft 

2/3 

=  202,5  X  (heater  volume  in  cu  ft) 

If  a  heater  size  Is  45,000  cu  ft 
No.  of  brick  =  202.5  X  (45,000)2/3 
=  260,000 

Similar  approximations  may  be  made  for: 

«  Steel  plate  in  terms  of  tankage  volume 

•  Piping  in  terms  of  footage  of  pipe  supports 

•  Wood  In  terms  of  cooling  tower  volume 

In  each  instance,  the  supply  points  and  suppliers  of  materials  may 
be  found  in  published  supplier  listings.14 

In  the  event  that  equipment  is  beyond  repair,  the  refinery  has  the 
alternatives  of: 

•  Cannibalization  -  the  situation  of  taking  repairable  equipment 

from  a  processing  unit  that  is  shut  down 

•  Replacement  -  buying  new  equipment  and  completely  rebuilding 

the  processing  units  needed 


Cannibalization 


The  equipment  characteristic!  data  (see  Appendix  A)  have  been  pre¬ 
sented  In  such  a  way  as  to  make  them  usable  lor  asking  cannibalization 
decisions.  For  exsaple,  11  It  Is  lound  necessary  to  obtain  a  puap,  it 
is  possible  to  reler  to  the  list  ol  representative  equipment  of  proc¬ 
esses  that  are  shut  down,  verily  approximate  puap  sloe  and  operational 
characteristics,  and,  with  proper  authorization,  cannibalise  one  that 
Is  appropriate. 

Replacement 

The  suppliers  ol  each  ol  the  suany  types  ol  equipment  may  be  found 
by  reference  to  published  supplier  lists.14  In  addition  to  the  listed 
suppliers  of  equipment,  there  are  possible  instances  in  which  equipment 
could  be  manufactured  by  companies  that  are  not  in  that  particular  line 
of  business,  but  who  have  the  Inherent  manufacturing  capability.  For 
example,  pressure  vessels  could  be  manufactured  by  shipbuilding  companies. 

In  the  postattack  period,  the  time  lapse  between  equipment  order 
placement  and  delivery  will  be  related  to  both  the  extent  of  damage  to 
the  supply  industry  and  the  use  of  an  appropriate  priority  procedure. 

It  is  conceivable  that  in  spite  of  some  damage  to  supplier  Industries, 
the  use  of  priorities  could  result  in  delivery  times  less  than  those 
under  normal  preattack  conditions. 

Operational  Materials 

The  types  of  materials  required  for  the  operation  of  petroleum  re¬ 
fining  processes  have  been  identified  with  the  classification  of  the 
product  with  which  each  is  used.  This  information,  together  with  an 
approximation  of  the  number  of  supply  sources,  is  summarized  in  Table  12. 

Sulfur  and  sulfur  dioxide  constitute  a  part  of  the  supplies  to 
nearly  all  refineries.  The  characteristics  of  the  remaining  supply 
material  will  vary  according  to  the  refining  processes  and  crude  oils 
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OPERATIONAL  SUPPLIES 
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used.  Various  strengths  or  concentrations  of  sulfuric  sc 10  nr»  used, 
depending  on  the  refining  processes  requiring  it.  The  inhibitors  used 

will  be  determined  by  the  products  produced,  the  processes  used,  and  the 
crude  oils  supplied.  Catalysts  will  depend  on  tho  processes  used  and 
possibly  on  royalty  or  patent  agreements. 

In  general,  moot  of  the  operational  supplies  can  be  obtained  from 
any  of  several  manufacturers.  Exceptions  are  sulfuric  acid  and  inhib¬ 
itors.  Sulfuric  acid  is  primarily  used  in  the  manufacture  of  aviation 
type  gasolines  (alkylation  process)  and  in  the  treatment  of  the  light 
oils  to  maintain  quality  specifications.  Shortage  of  sulfuric  acid 
could  curtail  the  production  of  aviation  and  high  octane  gasolines 
and  reduce  the  quality  of  light  oil  products. 

Inhibitors  are  added  to  the  light  oil  products  to  retard  or  limit 
possible  degradation  of  the  products  before  use.  Shortage  of  Inhibitors 
could  create  product  quality  problems. 

Although  additives  as  a  group  have  many  suppliers,  the  gasoline  ad¬ 
ditives  TEL  (tetra  ethyl  lead)  and  TML  (tetra  methyl  lead),  which  are 
used  to  increase  gasoline  octane  rating,  have  a  limited  number  of  sup¬ 
pliers.  Shortage  of  TEL  or  TVL  would  reduce  the  octane  rating  of  gaso¬ 
lines  produced. 

A  detailed  listing  of  all  possible  suppliers'  materials  required  in 
petroleum  processing  is  readily  available  from  published  sources.14 
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VI  USING  THE  METHOD 

This  section  describes  how  to  use  the  tables  and  figures  presented 
to  estimate  production  capability  and  repair  effort  in  blast -damaged  re* 
fineries.  An  example  is  carried  through  the  procedure  for  illustration. 

Example:  At  Watson,  California,  the  Atlantic  Richfield  refinery 
receives  1.0  psi  blast  overpressure . 

Knowing  which  refinery  is  hit,  with  what  overpressure,  the  method  of 
estimating  production  capability  and  repair  effort  is: 

•  Determine  refinery  sise  and  type  (Table  13) 

•  Determine  crude  oil  supply  (Table  14) 

«  Estimate  initial  production  capability 

and  remaining  capability  with  no  repair  (Table  IS) 

•  Estimate  repair  requirements  by  repair 

stages  (Figure  8) 

•  Estimate  production  capability  by  repair 

stages  (Figures  10-15) 

With  the  estimation  of  postattack  refinery  repair  efforts  and  pro¬ 
duction  capabilities,  the  necessity  for  making  several  decisions  before 
making  actual  repair  efforts  becomes  evident.  These  decisions  are  dis¬ 
cussed,  and  bases  on  which  to  make  the  decisions  are  indicated  at  appro¬ 
priate  points  in  the  discussion. 

Determine  Refinery  Sise  and  Type 

From  published  sources,3  determine  the  initial  capacity  and  the  type 
of  refinery,  based  on  the  listed  combination  of  production  capabilities 
from  the  following  five  processes  (see  “Refinery  Types"  in  Section  111) : 
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•  Alkylation 

•  Polymerisation 

•  Lube 

•  Coking 

•  Asphalt 


The  Oil  and  Gas  Journal3  a  hows  in*  example  refinery  to  be  a  163,000 
B/D  refinery  with  production  capacities  for: 

•  Alkylation 

«  Polymerisation 

•  Coking 

«  Asphalt 

Location  of  this  combination  of  processes  among  those  included  in 
the  columns  of  Table  13  (taken  from  Table  4  but  rotated  90°)  determines 
that  this  refinery  is  a  large  fuel  type,  according  to  this  study's 
categorization. 


Determine  Crude  Oil  Supply 

Crude  oils  available  to  refineries  have  been  grouped  as  discussed 
in  Section  III.  The  "normal''  crude  oil  and  alternative  crude  oils  are 
summarized  by  refinery  type  in  Table  14.  As  discussed  in  Section  Ill, 
a  fuel  refinery  is  considered  to  u^o  a  crude  oil  comparable  to  30°-40° 
API  Gulf  Coast  crude  oil  as  its  ’normal"  supply.  Table  14  shows  which 
alternative  crude  oils  are  considered  unable  for  each  refinery  type, 
in  the  event  that  crude  oil  supplies  or  dolivery  systems  have  been  dis¬ 
rupted  by  the  nuclear  attack.  From  this  table,  the  "normal"  crude  oil 
supply  to  the  example  refinery  is  seen  to  be  comparable  to  30°-40°  API 
Gulf  crude  oil;  alternatives  are  comparable  to  20°-25°  API  West  Coast 
and  20° -25°  API  Midcontinent  crude  oils. 
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Estimate  Production  Capability 


The  effect  of  limited  process  capability,  as  discussed  In  Sec¬ 
tion  III,  has  been  taken  into  account  In  Appendix  B  In  calculating  re¬ 
finery  partial  production  capability,  both  with  alternative  crude  oils 
and  after  cn'erpreaauros  of  0,3-0, 5  and  1,0  psi  with  only  minor  emergency 
repair. 

Table  15  summarizes,  for  the  six  refinery  types,  refinery  capaci¬ 
ties  for  normal  operations  at  initial  capacity  and  partial  production 
capabilities  after  damage  from  0,3-0, 5  pel  and  1,0  psl  overpressure,  with 
"normal"  and  alternative  crude  oils.  Whether  the  refinery  has  ita  "nor¬ 
mal"  supply  of  crude  oil  or  has  to  operate  on  either  of  the  alternative 
crude  oils  will  be  determined  by  conditions  after  a  nuclear  attack. 

From  Table  IS,  production  from  the  example  refinery  after  1.0  psl 
overpressure  would  approximate  50  percent  of  initial  capacity  with  "nor¬ 
mal"  crude  oil  and  16-19  percent  of  initial  capacity  with  alternative 
crude  oils.  By  using  the  product  percentages  shown  in  Appendix  B,  the 
individual  product  volumes  would  approximate: 


Initial  Capacity 
of  "Normal"  Crude 


Production  Capability  after  1,0  psl 
"Normal"  Crude  Alternative  Crude 


Product 

Percent 

B/D 

Percent 

B/D 

Percent 

B/D 

Gasoline 

54% 

89,100 

26% 

42,900 

4-  6% 

6,600- 

9,900 

Kerosene 

15 

24,700 

8 

13,200 

2 

3,300 

Diesel 

14 

23,100 

7 

11,600 

2-  3 

3,300- 

5,000 

Lube 

-- 

-- 

— 

— 

-- 

-- 

Fuel  oil 

13 

21,500 

7 

11,600 

7 

11,600 

Asphalt 

— 

— 

— 

— 

— 

— 

Coke 

4 

6,600 

2 

3,300 

0-  1 

0- 

1,700 

Total 

100% 

165,000 

50% 

82,600 

15-19% 

24,800- 

31,400 

t 


H  in  po»»lble  that  a  nuclear  attack  will  influence  tha  crude  oil 
supply.  It  it  ia  necessary  to  supply  this  example  refinery  with  a 
Heavier  than  normal  alternative  crude  oil,  the  gasoline  production  will 
dec reais .  With  a  crude  oil  comparable  to  the  selected  alternatives! 
gasoline  production  will  drop  to  about  6, 800-9, 900  B/D,  Instead  of  being 
about  43,900  B/D  with  "noraal"  crude  oil. 

Planning  decisions  regarding  the  use  of  crude  oils  will  hinge  on 
the  relative  need  for  products.  In  thia  caae,  an  increment  of  33,000  to 
38, 300  B/D  of  gaeollne  would  be  gained  by  ueo  of  the  light,  crude  oil  over 
the  heavy. 

Estimate  Repair  Requirements 

Figure  8  (a  repeat  of  Figure  3)  Indicates  that  the  overall  coat  to 
restore  the  example  refinery  to  initial  capacity  is  in  the  range  from 
340,000  to  380,000  man-days. 

For  greater  detail  of  repair  effort  by  repair  stage,  refer  to  Ap¬ 
pendix  D.  Tabic  D-l  detail*  effort  by  repair  stage  for  an  average 
78,000  B/D  largo  fuel  refinery.  This  is  acalod  up  to  the  example  re¬ 
finery  slie  of  163,000  B/D  as: 

Repair  Requirement  in  gan-Daya 


Average  Refinery, 

Example  Refinery, 

78, 

000  B/D 

165,000  B/D 

Cumulative 

Corresponding 

Repair 

Repair 

Ratio  to 

Cumulative  Repair 

Stage 

Requirement 

Full  Repair 

Requirement 

A 

34,062 

0.42 

101,000*-U8,000  + 

B 

97,955 

0.77 

185,000  -216,000 

C 

126,238 

0.99 

238,000  -277,000 

D 

127,699 

1.00 

240,000  -280,000 

*  0.43  X  240,000  =  101,000. 
t  0.42  X  280,000  *  118,000. 
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Estimate  Production  Capability  by  Repair  Stage 

How  such  production  each  increment  of  repair  effort  will  buy  can  be 
determined  by  estimating  the  production  capability  for  each  repair  stage. 
This  la  done  by  combining  the  data  of  Appendix  B  and  Appendix  C. 

This  study  assumed  that  refinery  production  capability  will  continue 
at  the  levels  achieved  with  only  emergency  repair  (to  units  damaged  at 
low  overpressures)  until  scheduled  repair  effort  1b  made.  Each  repair 
stage  completed  will  then  permit  a  production  increase  corresponding  to 
restored  production  in  those  process  units  damaged  st  higher  overpressures. 

Table  B-l,  in  Appendix  B,  indicates  that  after  1.0  psl  overpressure, 
sufficient  emergency  repairs  can  be  made  to  permit  production  of  gasoline 
equal  to  26  percent  of  the  initial  refinery  capacity.  Table  C-l  shows 
that  this  production  capability  is  not  surpassed  until  Repair  Stages  A, 

B,  and  C  have  been  completed.  Combining  these  data  for  "normal"  crude 
oil  yields  the  result: 


Gasoline  Yield  as  a  Percent 
of  Initial  Capacity 


Repair 

Stage 

Production  After 
Overpressure  =1,5  psi* 

Production 
After  1.0  psi 

A 

13% 

26%+ 

B 

22 

26 1 

C 

33 

33 

D 

54 

54 

*  Percentage  production  with  repair  by  stages, 
f  Production  permitted  by  emergency  repair  after 
1.0  psi. 

On  this  basis,  the  gasoline  production  from  the  example  refinery  after 
1.0  psi  would  be: 
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Cumulative 

Gasoline 

Repair 

Repair  Effort 

Production 

Stage 

in  Man-Days 

Percent 

B/D 

A 

101,000-116,000 

26% 

42,900 

B 

185,000-216,000 

26 

42,900 

C 

238,000-277,000 

33 

54,500 

D 

240,000-280,000 

54 

89, 100 

In  other  word#,  238,000-277,000  man-days  of  repair  effort  will  buy  an 
Increment  of  11,600  B/D  of  gasoline  (42,900-54,500  B/D) ;  a  further  small 
increment  of  2,000-3,000  man-days  of  repair  effort  will  buy  an  additional 
large  Increment  of  34,600  B/D  (54,500  B/D-89,000  B/D).  Similar  relation¬ 
ships  are  developed  for  kerosene  and  diesel  products  and  are  shown  in 
Figure  9.  These  form  a  part  of  the  base  of  decisions  on  planning  of  re¬ 
pair  effort.  By  comparing  the  product  yields  resulting  from  effort  ex¬ 
pended  on  several  refineries  requiring  repair,  the  estimator  may  develop 
a  basis  for  deciding  where  the  least  repair  effort  will  gain  the  maximum 
quantities  of  the  products  needed. 

This  is  illustrated  by  the  Figures  10-15  that  demonstrate  the  prod¬ 
uct  yields  from  "normal"  crudes  for  average-sized  refineries  of  each  type 
after  selected  overpressures.  From  these,  basic  decisions  may  be  made 
after  it  is  known  which  products  are  needed  most  and  how  much  labor  is 
available.  Examples  are: 

•  If  gasoline  is  in  great  demand  and  sufficient  labor  is  available, 
completion  of  repairs  through  Repair  Stage  D  gives  the  best  re¬ 
sults  (see  Figures  10-12) . 

•  If  kerosene  and  diesel  are  in  great  demand,  it  is  not  advantag¬ 
eous  to  repair  an  asphalt,  or  an  asphalt  and  lube  refinery  be¬ 
yond  Repair  Stage  C  (see  Figures  13  and  14). 

•  If  repair  labor  is  limited,  and  specialty  refineries  are  hit, 
in  addition  to  fuel  and  complete  processing  refineries,  it  may 
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FIGURE  10  PRODUCT  YIELD  VERSUS  REPAIR  EFFORT  AT  SELECTED  BLAST  OVERPRESSURES: 
LARGE  FUEL  REFINERY;  78,000  BARRELS  PER  DAY  CAPACITY 


79 


BARRELS  PER  DAY  BARRELS  PER  DAY  BARRELS  PER  DAY 


<*tfiC£NT  PERCENT  PERCENT 


1 


UWQO  5 


9000  | 


0  SO  »  30  40  SO  SO  70  10  SO  100 


KEROSENE- 
40  L  TURBINE  FUEL 


10.000  > 

a 


0-3-G.6  ,1.0  ,W> 


I 


(  j»ook»ooJ 


O  10  30  30  40 


70  BO  BO  100 


•  repair  stage  a 

■  REPAIR  STAGE  B  “  1W®°  i 


'  REPAIR  STAGE  C 
’  REPAIR  STAGE  O 


-  mo  J 

3 

-  8000  g 


,04-0.8  ,1.0  ,50 


o  io  »x4otoao7oaoaoioo 

THOUSAND  NAN-CAYS 

U)  UNDAMAGED  CONDITION 
tb)  70  PERCENT  OPERATION  AFTER 
04-0.fi  (»l 

lei  GO  PERCENT  OPERATION  AFTER 
10  S»  UNTIL  STAGE  B  REPAIR 
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SMALL  FUEL  REFINERY,  34,000  BARRELS  PER  DAY  CAPACITY 
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FIGURE  12  PRODUCT  YIELD  VERSUS  REPAIR  EFFORT  AT  SELECTED  BLAST  OVERPRESSURES: 
COMPLETE  PROCESSING  REFINERY;  194,000  BARRELS  PER  DAY  CAPACITY 
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be  Bore  advantageous  not  to  repair  the  specialty  refineries,  hut 
instead  to  use  the  repair  effort  in  the  fuel  and  complete  proc¬ 
essing  refineries. 

Assuming  gasoline  as  the  product  In  greatest  demand,  Figure  13  shows 
that  to  restore  an  average  asphalt  refinery  to  100  percent  of  initial  ca¬ 
pacity  after  1.0  pai  would  require  11,000  man-days,  and  an  increment  of 
1,320  S/P  of  gasoline  would  result.  Application  of  the  11,000  man-days, 
instead,  to  any  repair  stage  for  a  large  fuel  refinery,  would  yield  more 
gasoline.  The  increments  of  repair  labor  and  gasoline  production  capa¬ 
bility  for  a  105,000  B/D  refinery  can  be  shown  as: 


Labor  in  000 'a  Gasoline  Production 


Repair 

of  Man-Days 

in  000 'a 

of  B/D 

Stage 

Increment 

Cumulative 

Increment 

Capability 

A 

101-118 

101-118 

42.9 

42.9 

B 

84-  98 

1S5-216 

0. 

42.9 

C 

53-  61 

238-277 

li  .6 

54.5 

D 

2-  3 

240-280 

34.6 

89.1 

The  repair  stages  must  bo  completed  in  sequence.  From  this,  it  can  be 
seen  that  if  the  example  refinery  has  repair  labor  sufficient  only  to 
complete  stages  A,  B,  and  C,  it  would  be  advantageous  for  gasoline  sup¬ 
ply  to  apply  the  2,000-3,000  man-days  of  repair  labor  to  the  example 
refinery,  instead  of  to  an  asphalt  refinery.  The  asphalt  refinery  gaso¬ 
line  would  only  go  up  to  1,200  B/D  instead  of  1,320  B/D,  a  decrease  of 
120  B/D  (Figure  13).  However,  the  example  refinery  gasoline  would  in¬ 
crease  by  34,600  B/D  (from  54,500  to  89,100  B/D),  giving  a  net  gain  in 
gasoline  of  34,480  B/D, 

In  goncral,  for  the  fuel  and  complete  processing  refineries,  Repair 
Stages  A  and  B  result  in  distinct  Increments  of  gasoline,  kerosene,  and 
diesel  production.  However,  when  further  repair  is  planned,  it  should 


85 


T 


T 


7 


be  noted  that  tha  combined  labor  of  Repair  Sieges  C  and  D  makes  a  aig- 
nlf leant  production  lncreaae  over  that  fro*  Repair  Stag#  C  effort  alone. 
Thla  reaulta  fro*  the  akphaala  on  light  fuel*  production  (l.e.,  gaso- 
llne).  When  nonfuo Is -producing  processes  are  returned  to  operation, 
normal  routing  of  protean  floe*  within  a  refinery  Is  permitted,  The 
heavy  components  of  crude  olla  that  normally  produce  fuel  oila  and  as¬ 
phalt  are  removed  fro*  the  gasoline  producing  processes,  ao  that  theaa 
proceaaes  hava  a  lighter  petroleu*  fraction  that  can  produce  a  greater 
amount  of  gasoline.  Similar  relationships  arc  evident  for  kerosene  and 
dleael  production. 

Relationship*  of  this  nature  *ay  algo  be  developed,  a*  required, 
using  alternative  crude  olla. 

It  is  recognised  that  nsny  variations  of  refineries  exist.  In  soae 
instance,  a  refinery  that  Is  being  investigated  may  vary  by  a  large  de¬ 
gree  fro*  the  average  six  typea  considered  in  this  study.  In  this  event, 
the  correct  equipment  characteristics  of  numbers  and  slaes  may  be  sub¬ 
stituted  in  Appendix  A.  The  seven  parameters  (Table  9)  would  then  be 
applied  to  the  modified  sixes  and  numbers  to  yield  corrected  equipment 
repair. 

It  is  also  recognised  that  the  sequence  of  repair  stages  and  the 
repair  of  process  units  in  each  stage  can  vary,  depending  on  which  prod¬ 
ucts  are  in  demand  in  the  postattack  period.  Repair  effort  haa  been 
detailed  in  Appendix  D  so  that  resaqucnclng  may  be  easily  done.  It  Is 
necessary  for  the  eatlmator  to  recalculate  production  capabilltlea  with 
each  sequence  selected.  It  is  slso  necessary  for  the  estimator  to  select 
an  alternative  sequence  of  repair  and  calculate  the  products  that  could 
be  produced  with  the  operable  equipment  at  each  repair  stage.  The  sum¬ 
mary  of  this  effort  for  thla  study  is  shown  in  Appendixes  B  and  C.  De¬ 
tails  of  this  effort  have  not  been  Included. 
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Appendix  A 

EQUIPMENT  SIZES  AND  NUMBERS 

The  equipment  that  would  be  necessary  for  each  processing  unit 
within  each  type  of  refinery  is  detailed  in  Tables  A-l  through  A-17. 
These  data  are  used  to  develop  representative  processing  units  and 
refinery  categories!  based  on  equipment  data  that  reflect  known  or 
calculable  vulnerability  and  blast  damage  reclamation  requirements. 

These  equipment  data  are  used  in  determining  refinery  vulnerabil¬ 
ity  to  low  overpressure  levels  and  resultant  product  capacities  and  the 
reclamation  requirements  and  correlated  production  capacities  after 
higher  blast  overpressures  (see  Sections  IV  and  V  of  the  main  text). 

Refinery  Equipment 

Selected  items  of  refinery  processing  equipment  that  represent  an 
overall  average  of  that  type  of  equipment  in  the  petroleum  refining 
industry  are  described  in  terms  of  general  characteristics.  For  re¬ 
fineries  that  include  equipment  that  does  not  match  the  average  given, 
the  specific  comparable  characteristics  of  individual  refinery  equipment 
may  be  substituted.  Although  a  particular  type  of  equipment  performs  a 
specific  function  regardless  of  the  refinery  category,  its  size  and 
therefore  its  reclamation  requirements  are  direct  functions  of  the  re¬ 
finery  capacity  and  processing  requirements.  All  pieces  of  equipment 
are  individually  sized  for  each  processing  unit  in  each  refinery  cate¬ 
gory.  Individual  equipment  numbers  and  sizes  for  each  processing  unit 
are  detailed  below.  Units  of  size  measurement  are  kept  consistent  with 
data  from  which  vulnerability  and  reclamation  information  are  drawn. 
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Although  these  unit*  of  itu  in  boh  instances  sre  not  tha  usual  one  a 
encountered  In  petroleum  refining,  they  can  be  easily  converted,  if 
desired. 

Control  Room 

In  some  ins4  ances  the  control  room  roofs  will  be  of  steel  construc¬ 
tion  that  has  been  calculated  to  be  damaged  after  1,0  pgi,  instead  of 
reinforced  concrete  construction  which  has  been  calculated  to  collapse 
after  l.S  psi  overpressure.  The  steel  construction  la  characteristic 
of  older  refineries,  smaller  refineries,  simpler  processing  units  not 
requiring  structural  strength  for  "double-decking,"  or  those  refineries 
where  construction  was  strongly  Influenced  by  minimum  investment  prin¬ 
ciples.  This  steel  control  house  roof  could  be  anticipated  in  the  proc¬ 
ess  units  of  the  following  types  of  refineries: 

e  Crude  oil  topping 

•  Vacuum  flashing 

#  Light  oil  treating 

«  Asphalt 

Of  these,  the  first  process  is  essential  to  all  processing  of  crude  oil; 
the  second  to  separation  of  stocks  for  midbarrel  and  asphalt  production 
and  for  feed  preparation  for  cracking;  the  third  is  essential  to  all 
light  products  being  on-grade;  and  the  last  Is  essential  only  to  asphalt 
and  road  oil  production.  Emergency  repairs  to  some  of  these  as  needed, 
would  be  expected  before  the  refinery  could  be  operated.  Repairs  would 
be  in  the  above  sequence,  but  only  to  the  extent  that  they  would  then 
match  the  remaining  refinery  capacity. 

The  size  of  a  particular  processing  unit  control  room  is  a  function 
of  both  the  capacity  and  the  complexity  of  the  processing  unit.  Larger 
capacity  units  tend  to  have  a  greater  number  of  ana  more  precise  instru¬ 
ment  controls,  and  more  complex  units  require  a  greater  number  of  control 
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pointa.  Control  rooa  alto  nay  be  expreaaed  aa  a  linear  function  of  proc 
eaalng  unit  capacity  aa : 


v  *  a  x  c, 

where  v  =  control  room  sine  in  cu  ft  (minimum  s  2,000  cu  ft) 
c  3  processing  unit  capacity  in  E/D 

a  =  a  conatant  dependent  on  the  processing  unit  complexity, 

for  each  of  16  selected  types  of  processing  units,  the  corresponding 
values  of  the  complexity  "a"  are  as  follows; 


Constant  "a" 


Processing  Unit 

(cu  ft 
per  B/D) 

Crude  topping 

0.374 

Thermal  cracking 

0.746 

Thermal  reforming 

0.746 

Vis  breaking 

0.746 

Coking 

1.667 

Catalytic  cracking 

0.900 

Catalytic  reforming 

0.746 

Polymerization 

0.900 

Conatant  "a" 
(cu  ft 

Processing  Unit  per  B/D) 


Ai kylation 

1.667 

Hydrogen  treating 

0.900 

Vacuum  flashing 

0.374 

Vacuum  distillation 

0.900 

Dube  and  specialties 

3.122 

Asphalt 

0.571 

Light  oil  treating 

0.374 

Naphthenic  lube  and 

specialties 

2.565 

Example:  for  a  90,000  B/D  crude  topping  processing  unit,  control  room 


size  =  90,000  B/D  X  0.374 


cu  ft 
B/D 


=  33,660  cu  ft 


Fired  Heater 

Many  designs  of  firea  heaters  are  in  operation  in  various  refin¬ 
eries.  In  addition  to  size  variations,  there  are  variations  in  burner 
location  (floor ,  sides,  ends,  or  top);  in  heat  recovery  (successive 
passes,  steam  generation,  or  waste  heat  recovery);  and  in  construction 


design  (to  permit  case  o 1  maintenance).  A  box-type  fire  box  with  floor 
noun tod  burners  was  selected  as  a  representative  fired  beater.  Heater 
volume  approximates  0,8  cu  ft  per  B/D  capacity  of  the  heater.  Maximum 
heater  sixes  considered  are  as  follows: 

Maximus  Heater  Sise 


Refinery  Type  (cu  ft) 


Large  fuel  40,000 
Small  fuel  30,000 
Complete  processing  50,000 
Asphalt  20,000 
Asphalt  and  lube  20,000 
Lube  20 , 000 


In  Instances  where  a  processing  unit  capacity  requires  greater  than  the 
above  sizes,  multiple  heaters  are  considered. 

Fractionation  Column  (Distillation  Towers) 

Separation  of  petroleum  Into  two  or  more  parts  is  accomplished  in 
fractionation  columns  by  the  different  boiling  temperatures  of  those 
parts,  The  heated  petroleum  enters  the  fractionation  column  where  the 
liquid  part  (which  has  a  higher  boiling  temperature)  flows  downward,  and 
the  vapor  part  (which  has  a  lower  boiling  temperature)  flows  upward. 

For  adequate  separation  of  the  petroleum  parts  there  must  be  Intimate 
contacting  of  liquid  and  vapor  throughout  the  height  of  the  column. 

Actual  design  of  any  one  fractionation  column  reflects  the  complex 
relationships  of  the  characteristics  of  the  petroleum  materials  entering 
and  leaving  the  tower.  This  study  made  simplifying  assumptions  and 
calculated  the  size  of  each  column  separately  as  a  function  of  quantity 
of  petroleum  separated,  type  of  separation,  and  the  percentage  that 
remains  as  a  liquid.  This  relationship  is: 
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whcro  D  m  column  diameter  In  ft 

R  -  fraction  of  residual  liquid 
c  s  column  input  in  B/D. 

2.  Height  required  for  one  unit  of  intimate  mixing  (one  "troy") 
la  22  in. 

3,  Number  of  trays  required  for  typos  of  separation  ere  as  shown 
below. 

Separation  Type  No.  of  Traya  -  c 


Stripping 

10- 

20 

Primary  fractionation 

20- 

40 

Secondary  fractionation 

40- 

50 

Splitting 

50- 

70 

Super  fractionation 

70- 

100 

Fractionation  column  sizes  are  expressed  in  cu  ft. 

Extraction  Columns 

These  are  vessels  used  for  separation  of  portions  of  petroleum  liq¬ 
uids  through  use  of  selective  solvents  or  immiscible  chemical  solutions, 
followed  by  a  settling  type  of  separation.  Extraction  column  sizes  are 
essentially  the  same  as  the  distillation  towers  with  which  they  are  used. 

Cooling  Tower 

Extraction  of  heat  is  requisite  to  the  operation  of  every  refinery. 
This  is  usually  accomplished  by  heat  exchange  with  water  and  water  evap¬ 
oration,  although  air  cooling  systems  with  radiation  exchanger  colls 
with  fans  are  also  used.  Deciding  factors  are  equipment  economies, 
climatic  conditions,  opo rational  requirements,  and  water  availability. 
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This  study  considers  as  representative  equipment  the  extraction  of  heat 
by  cooling  towers  using  induced  draft  fens  lor  evaporative  cooling  of  a 
circulating  water  system.  The  basic  system  Is  of  a  module  construction 
with  a  volume  approximating  18,000  cu  ft.  The  outer  surface  h an  louvers 
of  redwood  or  cement-asbestos,  and  the  inner  framework  includes  baffles 
and  splash  decks  as  needed  for  adequate  evaporation,  Modules  are  addi¬ 
tive  as  required  for  refinery  cooling.  Cooling  capacity  required  is 
considered  to  be  4.0  cu  ft  of  cooling  tower  volume  per  B/D  throughput 
capacity  of  each  processing  unit, 

Reactor 

Those  vessels  in  which  petroleum  fractions  change  structurally  are 
characteristically  termed  reactors.  In  most  instances  a  catalyst  is 
present.  These  vessels  are  in  two  groups,  based  on  operational  charac¬ 
teristics.  One  group  includes  those  that  normally  operate  at  high  tem¬ 
perature  and  pressure,  such  as  catalytic  cracking  reactors.  These  would 
be  of  thlck-wslled  construction  and  are  expected  to  be  relatively  insen¬ 
sitive  to  blast  conditions.  In  the  study,  this  group  was  referred  to 
as  "cracking"  reactors.  The  other  group  normally  operates  at  a  rela¬ 
tively  low  pressure  and  does  not  require  as  great  a  structural  strength 
for  normal  operation.  Examples  are  alkylation  process  reactors.  This 
group  was  labeled  "chemical"  reactors.  In  either  instance,  the  study 
assumed  that  reactor  volume  is  essentially  a  straight-line  function  of 
reactor  total  throughput,  which  includes  reactor  fresh  feed  plus  re¬ 
cycled  material.  This  relationship  is: 

v  =  0.1725  X  c, 

where  v  =  reactor  volume  in  cu  ft 

c  -  processing  unit  capacity  in  B/D, 

Minimum  volume  is  considered  to  be  600  cu  ft. 


Rc  generator 


In  iom  catalytic  processes  the  catalyst  le  regenerated,  or  re¬ 
turned  to  Ita  active  atate,  by  transferring  It  from  the  reactor  to  a 
separate  regeneration  vessel,  where  it  Is  properly  processed  by  steals, 
air,  and  so  forth.  This  study  also  relates  sites  of  these  vessels  to 
the  totaled  process  unit  throughput,  This  relationship  is: 

v  =  0.380  X  c, 

where  v  «  regenerator  volume  in  cu  ft 

c  a  processing  unit  capacity  in  B/D. 

Minimum  regenerator  volume  is  considered  to  be  600  cu  ft. 

Pressure  Vessels 

At  several  points  in  every  processing  unit,  pressure  vessels  sre 
ncodod  for  segregation  of  liquid  and  vapor  phases,  elimination  of  water, 
or  separation  of  waste  material.  Pressure  vessels  are  normally  of  heavy 
walled  steel  construction.  While  the  vessel  shells  are  relatively  in¬ 
sensitive  to  blast,  they  may  be  displaced  from  their  footings  or  founda¬ 
tions  by  blast,  Differentiation  is  made  between  vertical  and  horizontal 
vesaela,  because  of  differing  difficulties  in  handling  during  reclamation. 
Thus,  this  study  considered  only  the  numbers  of  pressure  vessels  of  these 
two  typea  that  would  be  representative  of  each  processing  unit. 

Pipe  Support 

Economics  of  modern  refining  dictate  conditions  of  ease  of  piping 
maintenance  and  simple  flow  modifications  consistent  with  ease  of  opera¬ 
tions.  These  factors  have  resulted  in  much  of  the  process  unit  piping 
being  supported  on  overhead  framework.  The  amount  of  overhead  pipe 
support  in  a  process  unit  Is  a  function  of  both  the  capacity  and  the 
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complexity  at  the  proofing  unit.  The  iinur  feat  of  ovwrhasd  r,ip«  9Up 
port  (My  be  expressed  ai  a  function  of  processing  unit  capacity  as: 

/  *  »  X  C, 

w^er<l  i  a  linear  fe«t  of  pip#  support 

c  *  capacity  of  processing  unit  in  B/D 

*  *•  s  constant  dependant  on  the  processing  unit 
complexity. 


The  IB  selected  types  of  processing  units  and  the  corresponding 
values  of  their  complexity  constant  "a"  are: 


Conatant  "a" 
(ft  per 


Processing  Unit: 

B/D) 

Crude  topping 

0.0049 

Thermal  cracking 

0.0143 

Thermal  reforming 

0.0143 

Vis  breaking 

0,0143 

Coking 

0.0490 

Catalytic  cracking 

0.0200 

Catalytic  reforming 

0.0143 

Polymeriaation 

0.0300 

Procesaing  Unit 

Conatant 
(ft  per 
B/D) 

Alkylation 

0.0490 

Hydrogen  treating 

0.0200 

Vacuum  flaahing 

0.0049 

Vacuum  distillation 

0.0200 

Lube  and  specialties 

0.1200 

Asphalt 

0.0093 

Light  oil  treating 
Naphthenic  lube  and 

0.0049 

■pecialtlea 

0.0806 

Example;  for  a  do, 000  B/D  crude  topping  processing  unit,  pioe  support  is 

*  90,000  B/D  X  0,0049  ~~  »  441  ft 

B/D 


Pipe  aupporta  are  also  used  in  the  moving  of  intermediate  products 
between  proceasing  units.  This  study  weighted  the  complexity  of  the 
units  included  in  a  refinery  and  estimated  the  pipe  supports  between 
process  units  in  the  same  manner  9S  that  for  individual  process  units, 
but  using  the  refinery  capacity  as  throughput.  Exceptions  exist  at 
either  end  of  the  scale;  a  minimum  of  400  ft  of  pipe  support  is  estimated 
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for  tha  smallest  lube  refinery,  and  a  maximum  of  2,000  feet  for  any  re¬ 
finery,  no  amtter  how  large. 

Tankage 

Tankage  la  one  of  the  najor  items  of  investment  In  a  petroleum  re¬ 
finery  and  it  la  essential  to  refinery  operation,  In  addition,  tankage 
la  vulnerable  to  relatively  low  blast  overpressure,  and  It  has  major 
reclamation  requirements . 

At  the  Input  to  a  refinery  for  the  crude  oil  topping  unit  alone,  a 
minimum  of  four  large  tanks  are  required:  one  being  filled  from  the 
supply  system,  one  full  and  ready  to  use,  one  aupplying  the  crude  topping 
unit,  and  one  empty  ready  to  be  filled.  If  there  la  a  secondary  crude 
oil  supply,  additional  tanks  are  required,  as  they  are  for  each  processing 
unit;  the  movement  of  Intermediate  products  from  one  processing  unit  to 
the  next  normally  requires  segregation  and  blending  of  products  and  stor¬ 
age  or  residence  time  to  accommodate  procoss  unit  shutdowns  for  repairs. 
Seldom  can  only  one  tank  be  uacd  between  processing  units  as  a  aurge 
vessel.  If  this  Is  (lone,  a  shutdown  of  one  unit  forces  the  next  proc¬ 
essing  unit  also  to  shut  down  in  a  short  time.  At  the  point  of  product 
completion,  much  storage  is  needed --products  are  delivered  to  their 
respective  markets  in  large  quantities,  and  enough  storage  is  needed  to 
satisfy  required  shipment  schedules. 

The  tankage  volume  requirement  in  terms  of  each  processing  unit 
capacity  approximates  a  logarithmic  relationship: 

a  log  v  =j  log  c  +■  b, 

where  v  =  tankage  volume  in  cu  ft 

c  *  processing  unit  capacity  in  B/D 
a  ®  0.807 
b  s  0.842 
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Zx&aple:  for  •  80,000  i/b  crude  topping  unit,  tankage  required 

**  18. a  x  io*  cu  ft 

Rscloutlon  effort  after  bleat  deuce  will  very  with  the  type  of 
tank,  This  study  considered  three  type*  of  tankage: 

•  Coo*  roof  task*  for  those  uterlala  that  are  relatively 
nonvolatile 

•  Floating  roof  tanka  for  thoae  uterlala  that  could  potentially 
vaporise 

•  Spherical  (and  semi-spherical)  tanka  for  thoaa  uterlala  that 
must  be  stared  under  preaaure. 

Each  representative  processing  unit  wee  examined  and  the  appropri¬ 
ate  amount  of  each  type  of  tankage  deaignated. 

Pumps 

Tha  pump  requireunta  for  each  representative  processing  unit  were 
investigated.  The  requirements  include  pumps  that  are  needed  for  proc¬ 
essing  reasons  within  the  process  unit  and  pumps  required  for  feed  to 
the  unit  and  for  delivery  of  products  from  the  unit  to  atorago.  Pump 
requirements  arc  expressed  as : 

Capacity  =>  QPM  X  TRJ, 

where  CPU  =■  gallons  per  minute 

TOH  »  total  dynamic  head  (in  ft) 

Tables  A-l  through  A-17  list  the  number  of  pumps  required  at  each 
capacity  in  each  process  unit.  The  minlmun  capacity  (CM  x  TDK)  value 
Is  10,000. 
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Pump  Urlvma;  Electric  Motor*  and  Stun  Turbines 

Pump  drives  are  frequently  divided  into  two  groups.  One  group, 
electric  drive,  is  subject  to  electric  power  failure  and  is  nor sal 1 y  in 
service  that  la  not  critically  affected  by  immediate  and  unscheduled 
atiUtoff .  The  other  group,  steam  turbine  drive,  is  norms 1 1 y  supplied  by 
steam  generated  within  the  refinery,  and  thua  is  not  subject  to  immedi¬ 
ate  shutoff.  The  latter  drive  is  used  to  power  the  more  critical  serv¬ 
ices  in  process  units.  Steam  drive  pumps  are  normally  in  service  that 
is  critical  to  at  least  partial  pumping  capacity,  i.e,,  charge  to  a 
cracking  unit  fired  heater.  There  is  an  approximately  even  division 
between  these  two  groups, 

Within  each  group,  each  pump  drive  was  slaed  for  horsepower  require¬ 
ment  at  HO  percent  efficiency: 

QPH  x  TOH  x  Specific  Gravity  80 

HP  «  - 5^55 -  X  100’ 

and  the  number  of  pump  drives  within  standard  power  ratings  available 
were  detailed. 

Centrifugal  Blowers 

In  some  catalytic  processes,  the  regeneration  of  catalyst  is  ac¬ 
complished  by  passage  of  large  quantities  of  air  through  the  catalyst 
in  a  regeneration  vessel  at  relatively  low  pressure.  Blowers  and  their 
required  drivers  for  this  service  are  sired,  based  on  the  relationship 
of  0.112  UP  per  B/t>  of  catalytic  cracking  process  plant  capacity. 

Heat  Exchangers 

Heat  exchangers  are  treated  in  a  manner  similar  to  pressure  vessels 
Studies  have  Blown  them  to  be  relatively  insensitive  to  low  blast  over¬ 
pressure  effects,  but  they  may  be  displaced  from  their  footings  or 
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foundations.  This  study  considered  only  the  nuaber  of  sets  of  heat  ex¬ 
changers,  since  repair  primarily  consists  of  righting  then. 

Filters 

These  are  relatively  small  in  nuaber,  hut  they  are  included  because 
they  are  requisite  to  product  finishing  in  some  instances  and  because 
they  are  vulnerable  to  daauge  at  low  blast  overpressure.  They  are  essen¬ 
tially  a  fabric-covered  rotating  cylindrical  drum  with  valving  arrange¬ 
ments  to  permit  vacuum  and  pressure  to  be  applied  from  within  at  differ¬ 
ent  points  during  rotation.  This  study  assumed  that  a  representative 
filter  has  a  canvas-covered  6-ft  diameter  drum. 

Instrument  Cubicles 

In  large  size  and  complex  processing  units,  refiners  have  found  it 
expedient  to  have  a  portion  of  the  control  Instrumentation  located  in  an 
instrument  cubicle  near  the  operating  equipment,  rather  than  in  the  cen¬ 
tral  control  roam.  This  study  assumed  that  a  cubicle  consists  of  a  small 
weather-shield  type  of  enclosure  housing  six  to  ten  instruments.  Al¬ 
though  the  cubicles  represent  only  a  small  investment,  the  contained 
Instruments  are  a  part  of  the  control  system  of  a  processing  unit,  and 
they  are  vulnerable  to  damage  at  low  blast  overpressure  (glass  front 
breakage,  instrument  damage,  or  wiring  breakage). 

Utilities 

Equipment  necessary  to  bring  in  energy  from  outside  no  refinery  is 
also  considered.  These  pieces  of  equipment  represent  relatively  small 
Investments,  but  they  are  vulnerable  to  low  blast  overpressure  damage. 

The  fuel  gas  flows  through  a  met'T  and  s  pressure  regulator  valve,  both 
of  which  are  normally  unprotected.  Every  refinery  requires  at  least  one 
meter  and  one  regulator  valve.  Electrical  energy  is  received  through 


electri>  transformers,  also  unprvU«l«d  and  vulnerable.  Thia  study 
assume'  v  iat.  every  refinery  requires  at  least  one  transformer,  and  large 
ref in*  a  require  at  least  three  transformers  to  operate. 

On  the  above  bases,  the  equipment  that  would  be  necessary  for  each 
processing  unit  within  each  category  of  refinery  is  detailed  in  Ta- 
bloa  A-l  through  A-17. 
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Notes  to  Tables  A-l  through  A-17 

1.  About  5  percent  of  tt.ee  is  usual  tor  shutdown  and  repair.  Capaci¬ 
ties  for  operating  tine  only  (excluding  down  time)  would  be  higher 
by  a  factor  approximating  100/95. 

2.  Single  units  of  equipment  are  shown  with  only  the  sloe  of  the  single 
unit  in  the  "Slxe"  column  (the  numeral  1  in  the  "Numbers"  column  is 
omitted) ;  modular  types  of  equipment  have  only  a  number  in  the 
'^umbers"  column,  showing  the  equivalent  number  of  nodules.  The 
else  module  is  reflected  in  the  value  of  CQ  shown  in  Table  9. 
Fractional  modules  in  the  case  of  cooling  towers  reflect  combined 
use  of  a  cooling  tower  by  more  than  one  processing  unit,  The  num¬ 
ber  of  fractional  modules  shown  for  any  one  process  unit  is  that 
unit's  minimum  requirement  (i.e.,  a  crude  topping  process  unit  in 

a  24,000  B/D  refinery  requires  5.3  of  the  selected  size  cooling 
tower  modules  (see  Table  A-l) . 
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Tahiti  A-l 

EQUIPMENT  SIXES  AND  JftyJiSSRS :  CRUM  TOPPING  |4 


Equipment  by  Rafl 


•  Call  oca  par  slant*  x  total  dynamic  ha  ad . 


S.ftFt* 

FAtel 

Small 

Fuel 

Complete 

rroceaalng 

T*768o 

136,006 

24,000 

164,666 

Equipment 

Unit  of  Kaaaura 

No 

.  Sit* 

No, 

Sit* 

Ho. 

Site 

NO.  Sit* 

Control  uouat,  ataal  rf. 

1,000  ft1 

30,0 

57 

8 

73 

Control  houaa,  Conor,  rf . 

1,000  ft3 

Flrad  haatar 

1,000  ft3 

3 

21.0 

3 

40 

2 

13 

3  60 

1,000  ft3 

16.0 

1 

30 

1  44 

Fractionation  column 

1,000  ft3 

4 

20.3 

4 

39 

2 

22.3 

4  50.4 

1,000  ft* 

8 

1.8 

8 

3.3 

4 

1.1 

8  4.5 

1,000  ft3 

1,000  ft3 

1,000  ft3 

1,000  ft3 

Extraction  column 

1,000  ft3 

1.000  ft3 

Cooling  tovar 

No. 

17. 

0 

33 

5.3 

43 

Reactor,  cracking 

1,000  ft* 

1,000  ft3 

Reactor,  chaalcal 

1,00'  ft3 

Regenerator 

1,000  ft3 

Praaaure  vaaaal,  horlx. 

No. 

4 

4 

2 

4 

Praaaur#  vaaaal,  vart. 

No. 

8 

6 

4 

8 

PI pa  aupport 

ft 

380 

740 

120 

960 

Storaga  tank,  con*  rf. 

1,000  ft3 

15,600 

30,000 

3,000 

40,50 

Storag*  tank,  fltg.  rt. 

1,000  ft3 

Storaga  tank,  apharlcal 

1,000  ft3 

Pump* 

1,000  0PM  X  TOM* 

8 

160 

6 

300 

4 

90 

6  400 

1,000  0PM  X  TOM* 

13 

80 

12 

130 

6 

30 

40  200 

1,000  caw  X  TDM* 

38 

90 

28 

160 

14 

60 

Electric  motor 

HP 

4 

SO 

4 

100 

2 

30 

4  125 

HP 

6 

25 

6 

50 

3 

13 

20  60 

Up 

14 

30 

14 

30 

7 

10 

Staam  turblna 

Hp 

4 

50 

4 

1CV 

2 

30 

4  125 

up 

6 

25 

6 

30 

3 

15 

20  60 

Hp 

14 

30 

14 

50 

7 

2Q 

Cantrlfugal  blovar 

up 

Hast  axchangar 

Ko. 

72 

72 

36 

72 

Filter 

No. 

laatrumant.  cubicle 

No. 

Tj 


T«b1»  A~1 


Control  noust,  ataal  rf. 

1,000 

ft* 

Control  hotn»,  Conor,  rf. 

1.000 

ft* 

Plrad  haatar 

1,000 

ft* 

4 

1,000 

ft* 

Fractionation  column 

1,000 

ft* 

4 

1,000 

ft* 

4 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

Extraction  column 

1,000 

ft* 

1,000 

ft* 

Cooling  towar 

Mo. 

3.2 

Raactor,  cracking 

1,000 

ft* 

1,000 

ft* 

Itaactor,  dunalcal 

1,000 

ft* 

Rag*  ncrator 

1,000 

ft* 

Praaaura  vtaa-tl,  horta. 

No. 

Proaaur*  vaaacl,  vart. 

No. 

12 

Piyo  a upper t 

ft 

Storage  tank,  eona  rf. 

1,000 

ft* 

Gtsraga  tana,  fltg.  rf. 

1,000 

ft* 

Ftoraga  tank,  apbcrlcal 

1,000 

ft* 

Pump* 

1,000 

OPM 

X 

Ti>H 

» 

1,000 

0PM 

X 

TOM* 

20 

1.000 

0PM 

X 

TDM* 

E!tcr.rlo  »o» or 

HP 

4 

HP 

10 

HP 

Steam  turbine 

HP 

4 

HP 

10 

«P 

Cantrlfugal  blower 

«P 

Maat  an chan gar 

Mo. 

24 

PUtar 

MO. 

inatrunant  cubicle 

No. 

4 

*  Gallon*  par  nlnuv  :  total  dynamic  Paid. 

fi 


•r'rynr 


10,0 

20 

2 

7 

4.9 

4 

9.4 

7.7 

31 

7.6 

4 

16 

6 

24 

8.6 

4 

11 

4.6 

16 

6.1  0.67  2.6  0.46 


12 

3 

3 

210 

400 

40 

ISO 

1,330 

2,580 

150 

750 

620 

1,200 

80 

450 

260 

8 

550 

a 

220 

2 

850 

30 

20 

55 

5 

26 

5 

90 

100 

4 

175 

60 

250 

10 

10 

20 

2 

10 

2 

30 

100 

4 

175 

60 

250 

10 

10 

20 

2 

10 

3 

30 

24 

6 

6 

4 


1 


1 


1 


ct  «o 
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lh  AND  KUKttJU:  TWOMAIi  CTUOtJXO  WKSCtiSlNO  UXIT 


031 


LUfre 


tod  Lub* 

•r;-oSg -  — i,m . .  vr,m 


NO.  til* 

NO, 

IlM 

No. 

81*0 

2 

2.0 

2 

3,3 

0.9 

6.5 

a. s 

0.1 

6 

O.l 

0.9 

3.2 

0.27 

0.079 

0.  S3 

3 

3 

3 

20 

20 

40 

50 

20 

120 

30 

10 

80 

2 

90 

2 

30 

2 

180 

5 

10 

S 

10 

5 

20 

30 

10 

50 

2 

10 

2 

5 

2 

10 

30 

10 

SO 

3 

10 

3 

5 

3 

10 

6 

6 

6 

1 

1 

1 

0 


Control  bouaa,  steel  rt. 

1,000 

ft4 

. 

Control  ttouaa,  eoncr,  rt. 

1,000 

ft4 

2.0 

a 

0 

2.0 

Fired  haator 

1,000 

ft4 

1.8 

a.* 

7.8 

0.10 

1,000 

ft4 

Fractionation  column 

1,000 

ft4 

3.1 

8.9 

ie 

0.4 

1,000 

ft4 

0.8 

0.9 

2.4 

3 

0,1 

1,000 

ft4 

% 

0.3 

0.3 

o.« 

1,000  ft* 
1,000  it1 
1,000  it4 


Extraction  column 

1,000  ft4 
1,000  ft4 

Cool l of  tower 

No. 

0.41 

0,70 

2.2 

0.082 

Reactor,  cracking 

1,000  ft4 
1,000  tt4 

Reactor,  chemical 

1,000  ft4 

R*  generator 

1,000  ft4 

Preaaur*  veaaal,  horli . 

No. 

Preaaure  vataal,  vart. 

No. 

2 

2 

2 

2 

PI  pa  aupport 

ft 

20 

40 

120 

30 

Storage  tank,  cone  rt. 

1,000  ft4 

40 

00 

eoo 

10 

Storaga  tank,  tit*,  rt. 

1,000  tt4 

70 

90 

300 

10 

Storaga  tank,  apharlcal 

1,000  ft4 

Pumps 

1,000  OPM 

X  TDH* 

2 

70 

2 

140 

2 

740 

2 

30 

1,000  OPM 

X  TON* 

4 

10 

4 

20 

C 

00 

4 

20 

1,000  OPM 

X  TDH* 

Elactrlc  motor 

HP 

20 

40 

250 

3 

10 

HP 

2 

5 

2 

10 

2 

19 

HP 

Steam  turbine 

HP 

20 

40 

250 

3 

10 

HP 

2 

5 

2 

10 

2 

28 

HP 

Centrifugal  blovar 

HP 

Heat  exchanger 

No, 

8 

8 

8 

5 

Filter 

NO. 

Instrument  cubicle 

No. 

1 

1 

1 

*  Gallon*  par  alnute  X  total  dynaalc  ha  ad. 

A 


Control  houi»,  atael  rf. 

1.000  ft* 

Control  botiae,  comer.  rf. 

1.000  ft* 

3.1 

71  rad  heater 

1,000  ft* 

2  6.4 

2 

1,000  ft* 

fractionation  column 

1,000  ft* 

2.4 

1,000  ft* 

7,3 

1.000  ft* 

t  amk  **3 

0.7 

1,000  ft* 
1,000  ft* 
1,000  ft* 


Extraction  column 

1,000  ft* 

1,000  ft* 

Cool lug  tower 

Ho. 

1.0 

2.0 

Reactor,  cracking 

1,000  ft* 

1,000  ft* 

Reactor,  chemical 

1,000  ft* 

Rate aerator 

1,000  ft* 

Preeeure  veaael,  hor  x. 

No. 

Preeaure  yaaael,  vert. 

Ho. 

3 

3 

Pipe  aupport 

l't 

so 

Storage  tank,  com  rf. 

1,000  ft* 

390 

Storage  tank,  fit*,  rf. 

1,000  ft’ 

40 

Stora*e  tank,  apberlcai 

1,000  ft* 

Pumpe 

1,000  cm  X  TON* 

2 

210 

2 

1.000  CM  X  TDK* 

3 

40 

3 

1,000  GPkt  X  TW* 

4 

20 

4 

Klectrtc  motor 

Hp 

80 

Hp 

19 

HP 

2 

10 

2 

Staaai  turbine 

Hp 

eo 

HP 

2 

19 

2 

HP 

2 

10 

2 

Centrifugal  blower 

HP 

Heat  exchanger 

Mo. 

8 

4 

Filter 

Ho. 

Inatrunent  cubicle 

Ho. 

1 

1 

•  Callao*  per  minute  x  total  dynamic  bead. 


IS 


8,2 

14 

1.4 


120 

780 

ISO 


410 

70 

40 

128 

20 

IS 

128 

20 

13 


2 

4 


0.4 

2.2 

0.3 


0.31 


3 

20 

•0 

20 


2  70 

3  20 

4  10 

20 

10 

2  9 

20 

2  10 

2  S 


8 


1 


a  s 

13 


5 

14 

1.3 


1.2 


3 

100 

090 

170 


3  400 

3  70 

*  40 

129 

20 

2  19 

129 

2  20 

2  19 


8 


1 


Titbit  A-4 


St  SUM  AMO  NUMUUUli 

VI*  U&AK1K0 

tH£Ci»8tl*0  VM1T 

' 

t*ul patat  by 

tattatry  Trot  «*4  Capacity  ',*/D) 

s**n  ruti 

Cflaplttt 

Proe«#»tR* 

**i»h*ii 

Atobalt 
»n*  tub* 

IrtrfJ* 

34, OM 

— nrwr" 

“  17758? — — - 1X7555 - 

- T7555 - 

- T7535 - 3T7555 - 

Wo.  «Ut 

(to.  aim 

^  81**  *o.  Hit 

*0.  *lM 

No,  SlM  (to.  Slit 

3 

?  8 

4 

13 

0.1 

2.2 

0.3 


0.31 


l.tt 


8 

14 

1.3 


30 

100 

CO 

(too 

20 

170 

2 

70 

2 

400 

3 

20 

3 

70 

4 

10 

4 

40 

20 

128 

10 

20 

a 

8 

2 

ia 

20 

*las 

a 

10 

2 

20 

a 

8 

2 

is 

Coatral  houaa,  ataal  rf. 

1,000  ft4 

Castrol  houaa.  occur,  rf. 

1,000  ft* 

«.a 

12 

2 

10 

rirad  btibr 

1,000  ft* 
1,000  ft* 

3.4 

M 

0.23 

4.4 

Tract loaatloa  coluaa 

1,000  ft* 

4.3 

« 

0.4 

&.T 

1,000  ft* 

0.4 

1.1 

0.1 

0.1 

1,000  ft* 
1.000  ft* 

1,000  ft* 
1,000  ft* 

extraction  coluaa 

1,000  ft* 
1,000  ft* 

Cool  log  towar 

He. 

0.»4 

1.3 

O.M? 

1.3 

kaactor,  crack  teg 

1,000  ft* 
1,000  ft* 

4a  actor,  ohaalcal 

1.000  ft* 

tajaaaratcr 

1,000  ft* 

Praaauro  v»aaal,  fcorla. 

ko. 

3 

3 

3 

3 

Praaawra  vaaaal.  vart. 

*0. 

3 

3 

3 

3 

Pip*  a  op  port 

ft 

210 

400 

100 

300 

Slorag*  tank,  COM  rf. 

1,000  ft* 

240 

330 

10 

330 

St crag*  tank,  fit*,  rf. 

1,000  ft* 

140 

270 

10 

170 

5 tor art  tank,  apkarlcal 

1,000  It* 

rtaapa 

1,000  am  x 

TDK* 

a 

TO 

2 

130 

• 

10 

2 

M 

1,000  QM  X 

TDK* 

4 

30 

4 

•0 

4 

30 

l.ooo  am  x 

TDK* 

llactne  actor 

up 

20 

40 

3 

3 

30 

Up 

2 

10 

2 

20 

2 

13 

Up 

Staaa  turbla* 

Up 

20 

40 

3 

3 

30 

Up 

2 

10 

2 

20 

2 

13 

Up 

Caatrl  fugai  bloaar 

Up 

Boat  aackaofar 

» 0 , 

4 

4 

4 

4 

PUtar 

Mo. 

laatruaart  cubic}* 

Uo. 

1 

1 

1 

1 

0«Ucmu  par  alButa  x  total  djmaaic  htad. 

A 


1 

s 

Table  A-6 

equipment  sizes  and  numbers  i  catalytic  cracking  processing 


Equipment  by  fieflafery  Type 


Larce  Fuel 

Small  Fuel 

CetpUt# 

Pr<vc*»fing 

' 

78,  $00  120,000 

24,000 

164,000 

-  127355 

Equipment 

Unit  of  Measure 

Ho. 

Siae 

NO. 

Sire 

No. 

Size 

No. 

Slae 

No, 

jj 

Control  bouae,  ateel  rf. 

1,000  ft* 

i 

Control  houae,  cotter,  rf. 

1,000  ft’ 

36.0 

70 

11 

77 

2. 

Fired  heater 

1,000  ft* 

2 

11.0 

2 

20 

10 

4 

22 

0. 

l.OCO  ft* 

2 

10,0 

2 

19 

Fractionation  column 

1,000  ft* 

4 

16.6 

4 

31.7 

21 

4 

33 

0. 

1,000  ft* 

4 

1.3 

4 

2.5 

1.6 

4 

2.7 

3 

0. 

1,000  ft’ 

4 

O.T 

4 

1.8 

0.9 

4 

1.8 

0. 

1,000  ft* 

4 

0.6 

4 

1.2 

0.8 

4 

1.4 

o.; 

1,000  ft* 

4 

5.4 

4 

10.  3 

6.B 

4 

u. a 

1,000  ft* 

4 

2.9 

4 

4.8 

3.6 

4 

5.3 

Extraction  column 

1,000  ft* 

1,000  ft* 

Cooling  tower 

No. 

S.B 

17 

2.9 

19 

0,10 

Reactor,  cracking 

1,000  ft* 

4 

2.1 

4 

4 

2.5 

4 

4 

0.6 

1,000  ft’ 

Reactor,  chemical 

1,000  ft’ 

Regenerator 

1,000  ft’ 

4 

6.8 

4 

13 

8 

4 

14 

0.6 

Preaaura  vaaael,  horis. 

No. 

28 

28 

7 

28 

7 

Preaaure  vaaael,  vert, 

NO. 

24 

24 

6 

24 

6 

Pipe  aupport 

ft 

810 

1,560 

260 

1,760 

20 

Storage  tank,  cone  rf. 

1,000  ft’ 

3,350 

6,450 

710 

7,500 

10 

Storage  tank,  fltg,  rf. 

1,000  ft’ 

1,640 

3,150 

350 

3,750 

10 

Storage  tank,  epherlcal 

1,000  ft’ 

1,640 

3,150 

360 

3,750 

10  , 

Pumpa 

1,000  GPU  X  TDH* 

8 

160 

8 

300 

2 

200 

8 

300 

16 

10 

1,000  GW  X  TDH* 

40 

120 

40 

230 

10 

150 

40 

230 

1,000  GW  X  TDH* 

16 

50 

16 

90 

4 

60 

16 

100 

Electric  motor 

HP 

4 

50 

4 

100 

60 

4 

100 

8 

5 

Hp 

20 

40 

20 

75 

5 

SO 

20 

75 

HP 

8 

15 

8 

30 

2 

20 

a 

30 

Steam  turbine 

HP 

4 

SO 

4 

100 

80 

4 

100 

8 

5 

HP 

20 

40 

20 

75 

5 

30 

20 

75 

HP 

8 

IS 

a 

30 

2 

20 

8 

30 

Centrifugal  blower 

HP 

8 

600 

8 

1,200 

2 

700 

8 

1,200 

75 

Heat  exchanger 

Ho. 

96 

96 

24 

96 

24 

Filter 

Ho. 

Inatrument  cubicle 

No. 

•  12 

12 

3 

12 

3 

•  Gallons  per  Minute  X  total  dynamic  bead, 

A 


1 


Tibia  A-« 

ID  NUMBERS :  CATALYTIC  CRACKING  PROCESSING  UK IT 

Kqulpaant  by  Rafittery  Typa  and  Capacity  (B/D) 


CoMpIats 

n»li  TMl  Procaaatng  Aapbalt 


Gita  No.  Slaa  No.  SlM  Ho.  SiM 


» ad  Luba 


No.  Sles 


Table  A-7 


UHJIrttKHT  SIZES  A80  KimraRS!  CATALYTIC  HEFOSUIHG  PROCESSING  VHl* 


Equipment  by  Refinery  Type  «nii 


targn  Fuel 

Small 

Fuel 

Cnmpleta 

Proctaalng 

A  n 

~~wt 

ro55 

iso.’ooo  ■’ 

34, 

I»4, 

,000 

Equipment 

Unit  of  Ueaaur, 

Ho. 

Site 

Ho. 

fli*0 

HQe 

51  se 

rt’o. 

5iz« 

Ho.  Site 

Control  bouse,  (tool  rt . 

1,000  ft* 

Control  houee,  ooacr.  rt, 

1,000  ft* 

13.0 

26 

4 

26 

2,0 

rind  beater 

1,000  ft* 

4 

3.6 

4 

7 

4.6 

4 

7 

0.29 

1,000  ft* 

Fractionation  column 

1,000  ft* 

4 

17,6 

4 

33.8 

22.8 

4 

34,2 

1.4 

1,OCO  ft* 

4 

0.6 

4 

1.3 

0.8 

4 

1.2 

2  0.1 

1,000  ft* 

4 

1.7 

4 

3.2 

2.2 

4 

3.3 

1,000  ft* 

1,000  ft* 

1,000  ft* 

Extraction  column 

1,000  ft* 

1,000  ft* 

Cool  lag  tower 

Ho. 

4.1 

7.8 

1.3 

7.8 

0.081 

Reactor,  cracking 

1,000  ft* 

16 

0.8 

16 

1.6 

4 

1 

16 

1.6 

4  0.6 

1,000  ft* 

Reactor,  chemical 

1,000  ft* 

Regenerator 

1,000  ft’ 

Preeaure  vacael,  boria. 

Ho. 

Preeaure  veaaal ,  vert. 

Ho. 

12 

12 

3 

12 

3 

Pipe  eupport 

ft 

260 

800 

100 

500 

20 

Storage  tank,  cone  rf. 

1,000  ft* 

390 

730 

00 

750 

10 

Storage  tank,  fltg.  rt. 

1.CHK1  ft* 

1,640 

3,150 

3M0 

3,300 

10 

Storage  tank,  spherical 

1,000  ft* 

390 

7S0 

90 

750 

10 

Puape 

1,000  GPU  X  TOH* 

8 

70 

8 

130 

2 

90 

8 

130 

12  10 

1,000  GW  X  TOH* 

24 

SO 

24 

100 

6 

70 

24 

100 

1,000  GPU  X  TDH* 

16 

20 

16 

40 

4 

30 

16 

40 

Electric  motor 

HP 

4 

20 

4 

40 

30 

4 

40 

6  5 

HP 

12 

IS 

12 

30 

3 

20 

12 

30 

HP 

8 

10 

8 

15 

2 

10 

8 

15 

Steam  turbine 

HP 

4 

20 

< 

40 

30 

4 

40 

6  5 

HP 

12 

IS 

12 

30 

3 

20 

12 

30 

HP 

8 

10 

8 

IS 

2 

10 

8 

IS 

Cantrltugal  blower 

HP 

8 

230 

S 

500 

2 

350 

8 

SOO 

50 

Heat  exchanger 

Ho. 

4B 

48 

12 

48 

12 

Filter 

Ho. 

Inatneaent  cubicle 

Hb. 

4 

4 

1 

4 

1 

*  Gallons  par  alnuta  *  total  dynamic  h>»d . 

4 


•*>  U  *  ®  N 


Tibia  A_7 


|U*g  AMD  fftniWMW  I  CATALYTIC  RSPOfiMItiO  DROCSSSIKa  UHl'T 


Equipment  by  mtieary  T yv*  and 

Capacity  (S/D) 

S*al!  fuel 

Coapl«c# 

Pro<**ain(t 

A#ph>lt 

34,000 

m7ssr^ 

rrm 

FiTwo 

Mo.  il»» 

Mo.  Sit* 

■MTI  1 

Mo,  SIm 

4 

16 

2.0 

2 

4.6 

4  7 

0.20 

0.34 

33,8 

4  34.2 

1.4 

1.6 

o.» 

4  1.2 

2  0.1 

0.18 

3.2 

4  3.3 

0.1 

1.3 

4  1 


7. a 

16  l.S 


0.081 

4  0.6 


0.084 

4  0.6 


3 


0 


3 

3 

3 

13 


12 

3 

3 

100 

soo 

20 

20 

90 

750 

10 

10 

330 

3,300 

10 

10 

90 

760 

10 

10 

90 

a 

130 

12 

10 

12 

10 

70 

24 

100 

30 

16 

40 

30 

4 

40 

6 

5 

6 

3 

20 

12 

30 

10 

8 

15 

30 

4 

40 

6 

5 

6 

3 

20 

12 

30 

10 

8 

15 

350 

8 

300 

90 

30 

48 

12 

12 

1 


4 


l 


1 


■f-  * 


Table 


EOUtPWEKT  HUSH  AKO  NlfUMIUi :  Ptt.VKSRrMTJCW  PROCESSING  lfli 1 1 


Equipment  by  Refinery  Type  and 

Lit1  gw  fuel  Small  Fuel  Proceealng  At 

~Tro6d  iso.oco  •  ,,oo<i)  iBA.ooo 


Kqulpment 

Unit  of  Manure 

HO, 

Six® 

site 

Ha, 

Siam 

Sixe 

Ho. 

Size 

0 

“ 

Control  Houae,  etael  rf. 

1,000  It* 

Control  houee,  concr,  rt. 

1,000  ft* 

8.0 

2 

2 

5 

2.0 

Fired  baiter 

1,000  ft* 

1,000  ft1 

Fractionation  Column 

1,000  ft* 

0.7 

1.4 

0.23 

2,1 

0.1 

1,000  ft* 

0.8 

1.9 

0.3 

2,6 

0.2 

1,000  ft* 

4.9 

9 

1.6 

16 

0.9 

1,000  ft* 

1,000  ft* 

1,000  ft* 

Kxtrectlon  column 

1,000  ft* 

1,000  ft* 

Cooling  tower 

Ho. 

0.29 

0.96 

0.01 

0.94 

0.097 

Reactor,  cracking 

1,000  ft* 

1,000  ft* 

Reactor,  chemical 

1,000  ft* 

2 

o.e 

2 

o.e 

2 

0.6 

2 

1 

2 

0.6 

Re generator 

1,000  ft* 

Preeiture  veaael ,  horla. 

No. 

3 

3 

3 

3 

3 

Preaaure  veaael,  vert. 

Ho. 

40 

20 

40 

Pipe  aupport 

ft 

20 

20 

Storage  tank,  cone  rf, 

1,000  ft* 

Storage  tank,  fltg.  rf. 

1,000  ft* 

40 

90 

20 

120 

10 

Storage  tank,  apherlcal 

1,000  ft* 

60 

110 

20 

210 

10 

Pvape 

1.000  3PM  X  TBH* 

2 

40 

2 

SO 

C 

20 

2 

130 

6 

20 

l.ooo  opw  x  roH* 

4 

20 

4 

30 

2 

10 

4 

90 

2 

10  < 

1 ,000  GPM  X  TEH* 

2 

10 

2 

10 

2 

20 

llectrlo  motor 

HP 

19 

25 

3 

10 

40 

3 

10  i 

HP 

2 

10 

2 

10 

9 

2 

15 

9 

Hp 

9 

5 

10 

Steam  turbine 

Hp 

15 

25 

3 

10 

40 

3 

10  I 

HP 

2 

10 

2 

10 

3 

2 

15 

5 

Hp 

5 

9 

10 

Centrifugal  blower 

Hp 

Heat  exchanger 

Ho. 

9 

9 

9 

9 

9 

Filter 

Ho. 

Inatruaaent  cubicle 

Ho. 

1 

1 

1 

1 

1 

•  Gallcma  per  Minute  x  total  dynamic  bead.  | 

4  j 

I 

I  « 

n 


Table  A-S 


i 


VWm  SIZES  AND  HUMBtftfl; 

poLmsiurtoH 

PROCESS  I HO 

UK  IT 

k 

Equlpaent  by  Keflrwry  Type  and  Capacity 

(a'D) 

Coup  3  #  t 

Snell 

Fuel 

Pr©c##liHf 

Aephelt 

ooo 

— rr, 

000 

164,000 

laTooo 

S3  it* 

Hu. 

M  1ft* 

Ko,  Slxc 

Ho. 

Site 

HO, 

liu 

n 

i 

» 

2.0 

2 

1.4 

0.23 

2.1 

0.1 

0,15 

1 .  A 

0.3 

2.6 

0.2 

Oi2 

9 

1.6 

16 

0.9 

1 

0.01 

0.94 

0.057 

0.067 

0.6 

2 

0.6 

2  1 

2 

0.6 

2 

0.6 

2 

3 

3 

3 

20 

40 

20 

20 

10 

30 

120 

10 

10 

,10 

20 

210 

10 

10 

10 

6 

20 

a  no 

« 

20 

6 

20 

10 

3 

10 

4  60 

2 

10 

2 

to 

0 

3  20 

9 

3 

10 

40 

3' 

10 

3 

10 

0 

3 

2  19 

a 

5 

10 

6 

3 

10 

40 

3 

10 

a 

10 

0 

S 

2  16 

6 

5 

10 

6 


Table  iV-tf 


tdumsrr  sizes  ARE  XuVSHBI  AlXYLATiOH  processing  unit 


barge 

Fuel 

Snail 

Fuel 

Complete 

Proceeding 

717555 

"lSO.OOfl 

- sT 

7iW 

— w;awr 

Equipment 

Unit  of  Meaeure 

HO. 

JIM 

No. 

sue 

No. 

Hike 

He.  Slae 

Control  heuea,  utaal  r(. 

1,000  ft3 

Control  houea,  corner.  rf. 

1,000  ft3 

13.0 

25 

4 

24 

Fired  heater 

1,000  ft* 

11.0 

22 

3 

22 

1,000  ft3 

Fraction/,  t  ion  column 

1,000  ft3 

8.8 

17 

2.3 

17 

1,000  ft3 

14. < 

29 

3.8 

28 

1,000  ft3 

8.0 

12 

1.5 

11 

1,000  ft3 

8.2 

10 

1.3 

9.4 

1,000  ttJ 

1,000  ft3 

extraction  column 

1,000  ft3 

1,000  ft3 

Cooling  tower 

No. 

i.e 

3.1 

0.42 

3.0 

Reactor,  cracking 

1,000  ft3 

1,000  ft3 

Reactor,  chemical 

1,000  ft3 

i 

0.8 

4 

1 

U 

0.6 

■1  0,3 

Race  aerator 

1,000  ft3 

Preaetir#  veaaal,  horla. 

No. 

6 

6 

6 

6 

Preaaure  veaaal,  vert. 

No. 

4 

4 

4 

4 

Pipe  auppert 

ft 

380 

700 

100 

GBO 

Storac*  tank,  cone  rf. 

1,000  ft3 

330 

630 

60 

600 

Storag*  tank,  fit*,  rf. 

1.000  ft3 

120 

240 

20 

240 

Storage  tank,  aptverical 

1,000  ft3 

330 

830 

ao 

600 

Puapa 

l.ooo  sn  x  ton* 

2 

60 

2 

110 

11 

20 

2  100 

1,000  GW  X  TON* 

6 

80 

B 

160 

4 

10 

S  ISO 

1,000  GW  X  ton* 

4 

40 

4 

70 

4  70 

tlectrlc  motor 

Kp 

20 

20 

S 

10 

30 

HP 

4 

2ft 

4 

so 

2 

5 

4  SO 

HP 

3 

IS 

3 

20 

2  20 

Steam  turbine 

HP 

20 

30 

« 

10 

30 

Hp 

5 

25 

S 

50 

3 

ft 

ft  ao 

HP 

3 

IS 

2 

20 

2  20 

Centrifugal  blower 

Hp 

Heat  exchanger 

Ho. 

IS 

IS 

IS 

15 

Filter 

Ho. 

lnetruaent  cubicle 

No. 

1 

1 

1 

1 

tI7 


No. 


Oil  loot  per  alnute  x  total  dynamic  head. 


/? 


Tubla  (US 

I 

^izes  AKt >  wumartu; i  ausvutiqn  PttocmiHo  unit 


Equip— »t  by  h/limy  typ>  and  C»f>»cUr  C »/tS) 


m»n  fwi 


irar 


No. 


Si  (« 


7ts5pT5T» 

ProcuMift* 


No, 


TT,wo 


Agpfcalt 


Si  >« 


No, 


to; 


SI** 


No. 


81  — 


4 

24 

3 

22 

2.3 

W 

3.8 

2* 

l.a 

11 

1,3 

8.4 

0.42  3.u 


2 

o.e 

4 

0.9 

e 

e 

4 

4 

100 

680 

00 

600 

20 

240 

60 

600 

11 

20 

2 

100 

4 

10 

8 

130 

4 

VO 

10 

30 

2 

S 

4 

SO 

2 

20 

e 

10 

30 

2 

5 

3 

30 

2 

20 

15 

13 

1  l 


Control  fauna,  ataal  rt. 
Control  fauaa,  cnncr,  rt 
flrad  ha  a  tar 


13.0 

13.0 


- TITS 

Unit  of  Maaaura  ~Ko, 

1.000  It3 

1,000  It3 

1,000  ft3 
1,000  ft3 


fractionation  colons 

1,000 

ft* 

S.4 

1.000 

tt3 

11.4 

1 ,000 

it3 

1,000 

tt3 

1,000 

it3 

1,000 

<t3 

Extraction  col  ran 

1,000 

<t3 

1,000 

tt3 

C oolitic  towar 

MCI. 

3.2 

Haactor,  cracking 

l.ooo 

tt3 

•8 

1.0 

1,000 

tt3 

3 

0.5 

luaotor,  chualcal 

1,000 

tt3 

Hafanarator 

1,000 

tt3 

Praaaura  vaaaal ,  horla. 

no. 

3 

Ho, 

Plpa  aupport 

ft 

200 

Starts9  tank,  cona  rt. 

1,000 

tt3 

040 

Storafa  task,  fit*,  rt. 

1,000 

tt* 

470 

Star.*#  tank,  iphcrlcal 

l.OCO 

it3 

470 

Punpa 

1,000 

era 

X 

TOH* 

2 

310 

1,000 

GPU 

X 

TOH* 

4 

170 

l.ooo 

GPU 

X 

TOH* 

2 

70 

Elaetrlc  aotor 

HP 

100 

HP 

2 

50 

HP 

30 

Staaa  turbina 

Hp 

100 

HP 

2 

50 

HP 

20 

Cantrltucal  blcwar 

HP 

U««t  e*ch*nf«r 

Ho. 

13 

flltar 

Ho. 

lsatnaaant  cublcla 

NO. 

1 

•  Gallon*  par  aiauta  x  total  dynaaic  hand. 

A 


* 


Table  A_U 


EQUIWEHT  SIZES  AND  NUMBERS  i  VACUUM  FLASH  I  MO  PROC] 


Equip— nt  by  Refiner) 


Large  fuel 


6—11  Fuel 


Capuu 

ProojMlnt 


Equip— nt 

Unit  of  Meaaure 

No. 

81M 

Ho. 

sixe 

No. 

Siae 

No. 

Slxe 

No. 

Control  houae,  eteel  rf. 

1,000 

it* 

#.3 

18 

3 

11 

Control  houaa,  concr.  rf. 

1,000 

ft3 

fired  hat  tar 

1,000 

ft* 

4 

4.3 

4 

c 

3,4 

4. 

4.8 

1,000 

ft* 

Fractionation  coluan 

1,000 

ft* 

8.6 

4 

18 

11 

4 

11.3 

1,000 

ft* 

a 

l.S 

B 

2.5 

2 

1.7 

B 

1.8 

2 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

Extraction  coluau 

1,COO 

ft* 

1,000 

ft* 

Cool in*  towar 

Mo. 

4.9 

9.4 

l.S 

6.7 

1.9 

Raactor,  cracking 

1,000 

ft* 

1,000 

ft* 

Reactor,  ohenlcal 

1,000 

ft* 

Regenerator 

1,000 

ft* 

Preaeure  vaatal ,  horix. 

No. 

Praaaura  vaaaal ,  vort. 

No. 

4 

4 

1 

4 

1 

Pi  pa  aupport 

ft 

110 

220 

40 

160 

Storage  tank,  cona  rf. 

1,000 

ft* 

3,120 

6,000 

620 

3,730 

Storage  tank,  fltg,  rf. 

1,000 

ft* 

Storage  tank,  apharical 

1,000 

ft* 

Puapa 

1,000 

GPU  X  TDH* 

16 

40 

16 

SO 

4 

SO 

16 

60 

4 

1,000 

ora  X  TDH* 

1,000 

0PM  X  TDH* 

Electric  aotor 

HP 

8 

15 

8 

IS 

2 

IS 

a 

20 

2 

HP 

HP 

Staaa  turbine 

HP 

B 

IS 

B 

2S 

2 

13 

8 

20 

2 

HP 

HP 

Centrifugal  blovar 

HP 

Heat  exchanger 

NO  a 

so 

20 

s 

20 

5 

niter 

No. 

Inatru— nt  cubicle 

No. 

•  Gallo—  par  nlnuta  x  total  dynaaic  head . 


ft 


h 


Tibia  A-12 


EQUIPMENT  SIZES  AMD  NUMBERS;  VACUUM  DISTILLATION  PROCESSINt 


Large 

Pu*l 

t*,oW 

150,000 

Equipment 

Unit  of  Meaaure 

No.  Six* 

No.  Six* 

Control  Nonas .  atael  it, 

1,000 

ft* 

Control  house,  doner,  rf. 

1,000 

ft3 

rlr«d  heeter 

1,000 

ft3 

o 

8 

ft3 

fractionation  column 

1,000 

ft3 

1,000 

ft3 

1,000 

ft3 

1,000 

ft3 

1,000 

ft3 

1,000 

ft3 

Extraction  column 

1,000 

ft3 

1,000 

ft3 

Cooling  tower 

No. 

Reactor,  cracking 

1,000 

ft3 

1,000 

ft3 

Reactor,  chemical 

1,000 

ft3 

Regenerator 

1,000 

ft3 

No. 

Preaaur*  veaael ,  vert. 

No. 

Pipe  aupport 

ft 

Storage  tank,  cone  rf. 

1,000 

ft3 

Storage  tank,  fit*.  rf. 

1,000 

ft3 

Storage  tank,  apherical 

1,000 

ft3 

Pump* 

1,000 

GPU 

X 

TDH* 

1,000 

GPU 

X 

TDH* 

1,000 

0PM 

X 

TDH* 

Electric  motor 

HP 

Hp 

Up 

Steam  turbine 

Hp 

HP 

HP 

Centrifugal  blower 

Hp 

Heat  exchanger 

Ho. 

Filter 

No. 

Inatrument  cubicle 

No. 

Equipment  by  Refinery  Type  l 
Complete 
Prvceeain* 

lti,665 

No. 


SuU  Tual 


TORT 


No, 


fill* 


Six* 


No. 


17 

4  3.9 

4  a 

12  0.8 


4.3 


12 

100 

2,400 


24  40 

12  15 


12  15 


28 


4 


*  Gallon*  p*r  minute  X  total  dynamic  head. 


Control  houee,  eteel  rf. 

o 

8 

tt* 

Control  houee,  concr.  rt, 

1,000 

ft* 

Fired  heater 

1,000 

ft* 

1,000 

ft* 

Fractionation  column 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

Extraction  column 

1,000 

ft* 

1,000 

ft* 

Cooling  tower 

NO. 

Reactor,  cracking 

1,00C 

ft* 

1,000 

ft* 

Reactor,  chemical 

1,000 

ft* 

Re (a aerator 

1,000 

ft* 

Preeeurt  veeaal ,  horli. 

No. 

Preaeure  veeaal,  vert. 

No. 

Pipe  aupport 

tt 

Storage  tank,  cona  rt. 

1,000 

ft* 

Storage  tank,  fltg.  rt. 

1,000 

ft’ 

Storage  tank,  apharlcal 

1,000 

ft* 

Pumpa 

1,000 

on 

X 

TDH* 

1,000 

GH 

X 

TOH* 

1,000 

GPU 

X 

TDH* 

Xlactrlc  motor 

HP 

HP 

HP 

Staam  turbine 

HP 

HP 

HP 

Centrltugel  blower 

Hp 

Heat  exchanger 

No. 

Filter 

No. 

Inatrumeot  cubicle 

No. 

•  Gallooa  per  minute  x  total  dynamic  head 


TrtU  A- IS 


Am  ttumnai  lv at  Am  anciALTtua  noctwixo  van 


lull  fuel 

'  ""577S8S"" 

Ho.  Sit 


Squlp— at  by  ktilaarf  Ty 
nSpliw 
Procoulfli 

— ror1  — rr 


»  and  Capacity  (VD) 
Aapbalt 

»  "  ~ . iTSHi . 

*SM  *8,  Si** 


tad  Luba 

— y;-aaB — 

Me.  Alt 


af7558~ 

Mo,  til 


13 

13 

12 

7 

3,000 

7 

180 

7 

1,000 

1,330 

60 

410 

360 

30 

110 

90 

10 

30 

40 

120 

60 

10 

40 

BO 

30 

40 

20 

20 

30 

40 

30 

s 

20 

IS 

10 

IS 

10 

10 

20 

40 

30 

s 

20 

IS 

10 

IS 

10 

10 

SO 

SO 

SO 

e 

3 

3 

5 

s 

S 

b 


Table  A-14 


EQUIPMENT  BliHU  AML)  HLMBKRfi  :  ASPHALT  PNOCtBBlHO  tWIT 


Equipment 


Unit  ot  Meeeure  Mo. 


Large  Pue  1 
81a*  Me. 


SbsU  Toe  2 

— T47w~~’" 

Mo.  Site 


Equipment  by  Refinery  Ty 
dompiete 
Prooeaeing 

1  •  lir.ux 

lit 


Control  houee, 

eteel  rf. 

1,000  ft® 

2 

2 

2.0 

Control  houae , 

.  oonor.  rf. 

1,000  ft® 

Mired  heater 

1,000  ft® 

0.7 

3.1 

2.0 

1,000  ft* 

Fractionation 

s 

K 

% 

1,000  ft* 

0.2 

o.e 

0,8 

1,000  ft® 
1,000  ft4 
1,000  ft* 


Extraction  column 

1,000  ft* 

1,000  ft* 

Cooling  tower 

No. 

0.10 

0.80 

o.ei 

Reactor,  cracking 

1,000  ft® 

1,000  ft* 

Reactor,  chemical 

1.000  ft* 

Regenerator 

1,000  ft* 

Preaaure  veaael,  horia. 

No. 

Preeeure  veaael,  vert. 

No. 

Pipe  aupport 

ft 

20 

40 

30 

Storage  tank,  cone  rf. 

1,000  ft* 

50 

320 

300 

Storage  tank,  fltg.  rf, 

1,000  ft* 

Storage  tank,  epherical 

1,000  ft* 

Pumpi 

1,000  GPK  X  Tt>H* 

4  10 

2 

30 

2  30 

1,000  GPU  X  TOH* 

1,000  GPU  X  TOH* 

2 

20 

2  20 

Electric  motor 

Hp 

2  a 

2 

10 

o 

H 

HP 

HP 

Steae  turbine 

Hp 

2  a 

2 

10 

2  10 

HP 

Hp 

Centrifugal  blower 

HP 

Heat  exchanger 

Ho. 

3 

3 

3 

filter 

No. 

inaUuaent  cubicle 

No. 

•  Galloon  per  minute  *  total  dynamic  heed. 


fcqUlp*»M 

No. 

41 M 

Mo. 

Site 

so, 

Site 

Mo. 

Site 

Mo.  ill 

Control  bourn ,  eteel  r|. 

1,000  ft* 

k4*9 

27 

& 

27 

2.9 

Control  buuaa ,  uober,  rf. 

1,000  ft* 

Fired  beater 

1,000  ft* 

1,000  ft* 

ia 

3,7 

ia 

7.3 

3 

4.1 

ia 

7. a 

3  3.0 

FractlcmaUoe  culuen 

1,000  ft’ 

la 

1.3 

12 

2.9 

3 

1.9 

12 

2.9 

3  0,9 

1,000  ft’ 
1,000  ft1 
1,000  ft* 
1,000  ft* 
1,000  ft* 


Extraction  eoiuan 

1,000  ft* 

13 

1,3 

12 

2.9 

3 

1.9 

12 

2.9 

3 

0.9 

l.ooo  rt* 

Cooling  tower 

HO. 

a.i 

17 

2.7 

17 

1.1 

Neeetor,  c'raekln* 

1,000  ft* 

1,000  ft* 

leeotor,  cbettlcel 

1,000  ft’ 

Regenerator 

1,000  ft* 

Preeeure  veeeel,  bona. 

MO. 

ao 

ao 

20 

ao 

20 

Fraeaura  veaeel,  vert. 

Ho. 

40 

40 

10 

40 

10 

Pipe  eupport 

ft 

200 

310 

ao 

380 

30 

Storage  tack,  cone  rt. 

1,000  ft* 

3,120 

a, ooo 

630 

6,000 

290 

Storage  task,  fltf.  rf. 

1,000  ft* 

3,130 

6,000 

640 

6,000 

330 

S  t  or  ape  tenk,  epherloel 

1,000  ft* 

Puepe 

1,000  OPM 

X  TOM* 

40 

100 

40 

200 

10 

90 

40 

200 

10 

30 

1,000  OPM 

X  TOM* 

40 

40 

40 

80 

10 

SO 

40 

ao 

10 

ao 

1,000  GPM 

X  TOM* 

Electric  actor 

HP 

20 

30 

20 

<0 

3 

30 

20 

00 

10 

10 

HP 

20 

13 

20 

23 

i 

IS 

20 

29 

HP 

Steam  turbine 

HP 

20 

30 

20 

60 

s 

30 

20 

60 

10 

10 

HP 

20 

15 

20 

23 

5 

IS 

20 

29 

HP 

Centrifugal  blower 

HP 

Meet  exchanger 

No. 

10 

ao 

20 

ao 

20 

Filter  Mo. 


lUtruMUt  cubicle  Mo. 


*  Gallon*  per  alsut*  X  total  dynamic  bead. 


Control  boo*#,  eteel  ft. 

i.000 

ft* 

Control  bouee,  owner.  rf. 

1,000 

ft* 

Fired  heater 

1,000 

ft4 

1,000 

ft* 

Fractionation  culm 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

1,000 

ft* 

extraction  coluan 

1,000 

ft* 

i.ooo 

ft* 

C oolitic  tower 

Ho. 

Reactor,  cracking 

1,000 

ft* 

1,000 

ft* 

Reactor,  cbenical 

1,000 

ft* 

Regenerator 

1,000 

ft* 

Preaaur*  veaael ,  borla. 

Ho, 

Preaaure  veaael,  vert, 

Ho. 

Pipe  eupport 

ft 

Storage  tank,  cone  rf. 

1,000 

ft* 

Storage  tank,  fit*,  rt. 

1,000 

ft* 

Storage  tank,  aphericil 

1,000 

ft* 

Puepa 

1,000 

GPU 

X 

TON* 

1,000 

GPU 

X 

TON* 

1,000 

GW 

X 

TON* 

Electric  aotor 

HP 

HP 

HP 

Steaa  turbine 

HP 

HP 

HP 

Centrltugel  blower 

HP 

Heat  exchanger 

Ho. 

filter 

NO, 

Inatruaent  cubicle 

NO. 

*  Gallon*  par  minute  X  total  dynamo  bead 


Equip— nt _  Unit  of  M««aur« 


Pipe  lupporta 

ft 

Utilities,  gae  —tor 

No. 

Utilities,  gaa  regulator 

No. 

Utlll tie ■ ,  electric 

tretdfor—r 

No. 

Table  A-17 


SQUiniKHT  SII1S  AND  HVWUMBi  pip*  supports  and  utilities  ( 

(quip—  nt  by  tefioory  Typa  anJ 

Large 

Fuel 

Smell  ruel 

Co*pX«t« 
Pro€4g«l at 

Aa 

“  150,000 

3  Vow 

I53755o"“ 

NO.  SlM 

No.  Siaa 

■CEHBBEIE3B 

1,040 

2,000 

850 

2,000 

— n 

210  I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 


3 


2 


3 


1 


Tibia  A-17 


aizis  and  hummus  i  pipi  supports  am  munii 


Ssall  rt Ml 


Equipaaat  by  Mflury  Tjrp*  and  Capacity  (8/D) 


Prooaaaisa 


Asphalt 
asd  Luba 


Ha.  Bias  Xo.  flljta  Xo.  Slaa  Ho.  Sla* 


Mo.  Si  as 


Six*  Xo. 


2> 
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AFTER  LOW  BLAST  OVERPRESSURE 


Appendix  B 


PRODUCT  YIELD  FROM  CRUDE  OILS 
AFTER  LOW  BLAST  OVERPRESSURE 

For  each  refinery,  the  equipment  that  remained  operable  and  its  de¬ 
gree  of  operability  after  low  blast  overpressure  of  0.3-0. 5  psi  and 
1.0  psi  is  determined,9'10  Assumptions  were  made  of  rerouting  process 
flows  within  each  refinery,  to  bypass  damaged  or  shutdown  equipment. 

The  product  yields  from  both  the  normal  crude  oIIb  and  alternative 
crude  oils  were  recalculated.  In  every  instance,  the  reduced  capacity 
of  a  process  unit  remaining  operable  after  blast  damage  is  reflected  In 
the  resultant  limited  product  yields. 

The  combined  effects  of  equipment  shutdown,  rerouting  process  flows, 
and  limited  capacities  of  remaining  equipment  reduces  refinery  throughput 
after  1  psi  to  about  one-half  to  one-fourth  of  initial  capacity.  If  a 
refinery  must  use  alternative  crude  oils,  the  throughput  is  reduced 
further , 

At  the  overpressure  that  reduces  the  cooling  towers  to  70  percent 
capacity  (0.3-0. 5  psi9*10),  the  capacities  of  all  processing  units  is 
considered  at  70  percent  of  initial  capacity  and  the  refinery  production 
estimated  for  this  condition. 

At  the  1,0  psi  overpressure,  the  crude  topping,  vacuum  flashing,  light 
oil  treating,  and  asphalt  process  units  are  considered  shut  down.  Suffi¬ 
cient  repair  is  made  to  the  crude  topping  process  unit  to  permit  the  re¬ 
finery  to  operate  at  50  percent  of  initial  capacity.  The  vacuum  flashing, 
light  oil  treating,  and  asphalt  process  units  remain  shut  down.  While 
the  refinery  is  operating  at  50  percent  of  initial  capacity  it  is  assumed 


13h 


I 


that  all  light  oils  find  a  market,  even  though  they  do  not  meet  normal 
specifications;  vacuum  distillation  units  are  assumed  to  process  topped 
crude  In  the  production  of  specialty  products;  and  thermsl  cracking  and 
catalytic  cracking  units  are  assumed  to  use  some  topped  crude  oil  as  a 
part  of  their  input, 


The  product  yields  in  each  instance  are  summarised  In  Tables  B-l 
through  B-6  for  the  six  types  of  refineries.  Yields  are  developed  ot 
100  percent  capacity  with  undamaged  conditiona,  70  percent  capacity  after 
0.3  to  0.5  psl  blast  damage,  and  50  percent  capacity  with  appropriate  vol¬ 
ume  modifications  required  for  partial  shutdown  of  equipment  after  1,0 


Table  B-l 


PRODUCT  YIELD  FROM  CRUDE  OILS  AFTER  LOW  BLAST  OVERPRESSURE  : 
LARGE  FUEL  REFINERY 


Production  as  a  Percent  of 
Initial  Refinery  Capacity 

Blast  condition  Undamped  Alter  0.3-0. 5  psl  After  1,0  pel* 

MnxiBUST  capacity  (5)  1005  _ 70" _  _ 505 _ 


Crude  oils  and  products: 


Normal!  30’ -40"  API  Oulf 

Gasol ine 
Kerosene 
Diese  1 
Lube 

Fuel  oil 

Asphalt 

Coke 

Total 

Alternative:  20’ -25*  API  West  Coast 

Gasoline 

Kerosene 

Diesel 

Lube 

Fuel  oil 
As  pha  1 1 
Coke 

Total 

Alternative;  20*-25*  API  Midcontinent 

Gasoline 

Kerosene 

Diesel 

Lube 

Fuel  oil 

Asphalt 

Coke 

Total 


545 

IS 

14 

13 

4_ 

1005 


1,25 

5 

6 

13 

2 

385 


85 

4 

4 

13 

2 

315 


385 

10 

10 

9 

3 

705 


95 

3 

4 

9 

1 

265 


65 

3 

3 

9 

1 

225 


265 

8 

7 

7 

2 

S05 


65 

2 

3 

7 

1 

195 


45 

2 

2 

7 


155 


*  Emergency  repairs  made  to  crude  topping  process. 
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Tabtv  B-2 


PRODUCT  YIKU)  PROM  CRUM  OILS  ATT**  L0V  RUST  OVIKPttAUiUlUt : 
SHALL  rvt L  MFIKKItY 


Production  on  a  Percent  of 
Initial  Refinery  Capacity 

Blast  condition  Undamaged  Attar  0.3-0. 5  p«i  Attar  1.0  psl* 

Maximum  capacity  f%)  IPOS  _ 70% _  SOS 


Crude  oil  and  products: 


Sorasl:  30* -40*  API  Gulf 


Gasoline 

SOS 

33% 

24% 

Kerosene 

IS 

11 

6 

Diesel 

IS 

10 

7 

Lube 

— 

— 

-- 

Fuel  oil 

IS 

11 

9 

Asphalt 

4 

a 

— 

Coke 

_ 1 

i 

-- 

Total 

100% 

70S 

30% 

Alternative : 

ao*-as* 

ATI  West  Coast 

Gasoline 

13% 

10% 

75 

Kerosene 

S 

4 

3 

Diesel 

s 

4 

4 

Lube 

— 

.. 

-- 

Fuel  oil 

IS 

11 

9 

Asphalt 

2 

1 

— 

Coke 

1 

1 

— 

Total 

42% 

31% 

33% 

Alternative: 

ao* -as* 

API  Mldcontinant 

Gasoline 

»% 

65 

35 

Kerosene 

A 

3 

2 

Dleael 

i 

3 

2 

Lube 

-- 

-- 

.. 

Fuel  oil 

13 

11 

0 

Asphalt 

1 

1 

— 

Coke 

_ 1_ 

-- 

— 

Total 

33% 

24% 

16% 

*  Emergency  repairs  made  to  crude  topping  process. 
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Table  B-3 


PBootfcr  vi£Lt)  rttow  cmx  oils  Amt#  lo*  blast  ovwu>he.s«um*  ■ 
outrun;  pbocsisiko  wpiklht 


Blast  1 1*  iiil  i  1 1  oit 

Naaiania  capacity  (%) 
Crude  oila  and  product*: 


Production  at  a  rcrcent  oi 
Initial  kefitiery  Capacity 
Uiulaatag.it  After  f>.  3-0,  9~psl  After  t,0  |l#i* 
100%  70%  5Q% 


Kor*al i  30' 

-40'  API  SulJ 

deadline 

475 

Kerosene 

15 

Oleael 

15 

Lube 

n 

Fuel  oil 

11 

Atphalt 

3 

Coke 

_ a_ 

Total 

1005 

Alternative : 

20‘ -25*  API  beat  Coaat 

Ga  li'.u 

105 

Karoiune 

4 

Oleael 

5 

Lube 

3 

fuel  oil 

11 

Aaphalt 

1 

Coke 

1 

Total 

365 

Alternative : 

2C* -ii*  API  Kidcontlnent 

Gaaolinn 

05 

Koroaono 

3 

Diesel 

3 

Lube 

a 

Fuol  oil 

ii 

Asphalt 

i 

Coke 

l 

Total 

275 

33% 

n 

10 

d 

• 

l 

l 

lor. 


75 

a 

4 

2 

a 


245 


45 

a 

a 

a 

H 

1 

19% 


24% 

7 

7 

4 

7 

i 

30% 


«% 

a 

3 

2 

7 


20% 


3% 

3 

2 

1 

7 


15% 


*  ^•sficncy  r«p« i  r  s  Mido  to  crude  topples  process* 
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Table  B.4 

product  yitu)  mat  emit*  oils  *m»  low  bust  ovwntmtmx 

ABPHAL7  MtrtXXKY 


Blunt  condition 
Maximum  capacity  i'k) 

Crude  ulli  ohd  product*  : 

Koratal:  10*-IS*  API  UeavyAaphalUc 


Production  ■»  *  Percent  ol 
Initial  ReUngfy  Capacity 
tfBd»au»*ed  Alter  0.3-0, 6  pal  Alter  1.0  pel* 

urn  7o%  »o% 


Caroline 

11% 

•5 

#5 

kerogegg 

10 

7 

1 

Dleael 

11 

* 

1 

Lube 

— 

— 

— 

ruel  oil 

a 

1 

11 

Aaphalt 

fid 

46 

-- 

Coke 

-- 

- 

1 

— 

Total 

100% 

705 

155 

Alternative  I  3«*-40‘  API  Cull 

Oaeol lne 

n% 

»% 

#5 

Kero  acne 

4 

3 

1 

Dleael 

4 

3 

1 

Lube 

-- 

-- 

Fuel  oil 

1 

1 

1 

Aaphalt 

4 

3 

-- 

Coke 

” 

Total 

#45 

175 

35 

Alternative  :  20* -as*  API  W««t  Coaat 

Gaaollne 

115 

B5 

IS 

Karoaese 

5 

4 

— 

Dleael 

7 

4 

1 

Lube 

-- 

— 

— 

Fuel  oil 7 

4 

3 

1 

Aaphalt 

14 

10 

— 

Coke 

-- 

•••MM 

— ~~ 

Total 

415 

295 

35 

Alternative:  30*15*  API  MldcoaUnent 

Oaeol  l  ae 

115 

45 

15 

Kero  acne 

5 

4 

1 

Dleael 

6 

4 

1 

Luba 

— 

-- 

-- 

Fuel  oil  t 

» 

7 

3 

Aaphalt 

13 

10 

-- 

Coke 

^ZZ. 

Total 

445 

335 

35 

*  taargwaey  rap*lr*  »ade  to  crude  toppln*  procesi. 
t  Some  aaphalt  aqulpaent  uiad  lor  fuel  alia. 


Table  fi -0 


PWUUC-T  VJKU>  HUM  CUW*  OILS  AF«ft  LO*  BLAST  OVKKPHW8UIU  ■ 
MnuiT  a*d  LUM  wtnmav  K*mswU: 


Hl«*<  COBOltlOn 
Makluim  capacity  ('5) 

£tutie  oil*  and  products: 

Normal  :  10*.  15'  API  Asphaltic-Lube 

0«mj1  lnt> 

Kerosene 

Dlese 1 
Lube 

Fuel  oil 

Asphalt 

Coke 

Total 

Alternative  1  30* .SO*  API  Gulf 

Gasoline 

Kerosene 

Diesel 

Lube 

Fuel  oil 

Asphalt 

Coke 

Total 

Alternative  :  30*. 23*  API  treat  Coast 

Gasoline 
Kerosene 
Diesel 
Lube 
Fuel  oil 
Asphalt 
Coke 

Total 

Alternative:  3G'-23*  API  Midcontinent 
CMOlltt*} 

Kl‘  roaeac 

Diesel 

Lubo 

Fuel  oil 

Asphalt 

Coke 

Total 


Undamaged 

1005 


Production  as  *  Percent  o£ 

A/*  1 1 1 a l  Kef inery  Capacity 
after  0,3-o.S  p»i  Aft?? 
?<n 


1.0  pel 

505 


Urgency  repairs  made  to  crude  topping  process 


Table  B-6 

PSODUCT  YItU)  PACK  CHUB*  OILS  APTIJt  LOW  BLAST  OVMHfHtdaUttit : 
LUW  KtPlttKY 


Disci  condition 
kexieun  capacity  (ft) 

Crude  oil*  and  products: 

Xorwilt  30* -45*  API  Lube 

Gasoline 

Kerosene 

Diesel 

Lube 

fuel  oil 

Asphalt 

Coke 

Total 

Alternative:  30* -40*  API  Gulf 

Qasoline 

kerosene 

Diesel 

Lube 

Fuel  oil 

/  phalt 

Coke 

Total 

Alternative!  ao*-23*  API  West  Coast 

Gasoline 

Kerosene 

Diesel 

Lube 

Fuel  oil 

Asphalt 

Coke 

Total 

Alternative:  30* -J3*  API  Midcontlnent 

Gasoline 

Kerosene 

Diesel 

Lube 

Fuel  oil 
Ac phalt 
Coke 

Total 


Production  as  a  Percent  ol 

Initial  Keflnsrv  Cauarltv 

Ityitfaaagad 

Alter  G, 3*0,5  p*i  Ait*?  1 ,0  test 

lOOft 

705 

SOS 

43ft 

30ft 

21ft 

13 

11 

» 

IS 

10 

7 

1? 

13 

i 

11 

7 

6 

-- 

— 

a.- 

— zz 

.  _**.'** 

— 

100ft 

70ft 

soft 

39ft 

365 

31ft 

14 

10 

7 

14 

9 

7 

14 

to 

M 

11 

7 

6 

**- 

— 

-* 

- 

93ft 

63ft 

495 

7ft 

Sft 

4ft 

« 

3 

3 

s 

3 

3 

7 

4 

4 

11 

7 

6 

•• 

— 

-a. 

-« 

■■■»■ 

345 

33ft 

195 

4ft 

3ft 

Oft 

3 

3 

3 

3 

3 

3 

a 

3 

3 

u 

7 

6 

-- 

-- 

.... 

1 

i—  ■ 

_-TT 

365 

17ft 

135 

*  ®*ergency  repairs  wade  to  crude  topping  process. 
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Appendix  C 

PRODUCT  YIELD  FROM  CRUDE  OILS  AT 
FOUR  STAGES  OF  REPAIR 

This  appendix  details  the  estimated  product  yields  from  each  of  the 
six  typos  of  refineries  after  each  of  the  four  stages  of  reconstruction 
summarized  in  Section  V  of  this  report.  For  the  large  and  small  fuel 
types  and  the  complete  processing  refineries,  these  repair  stages  are: 

A.  Repair  crude  topping  unit 

B.  Repair  processing  units  utilized  in  cracking  processes 

C.  Repair  processing  units  utilized  in  upgrading  of  products 

D.  Repair  all  other  processing  units 

Slight  modifications  of  these  stages  are  considered  for  the  spe¬ 
cialty  refineries  to  permit  the  production  of  some  of  the  necessary  non¬ 
fuels  products.  The  repair  sequences  are  detailed  in  Table  7  in  the 
main  text. 

In  all  instances,  the  repaired  equipment  is  considered  to  be  returned 
to  initial  capacity.  At  Repair  Stages  A,  B,  and  C,  it  is  necessary  to  re¬ 
route  process  flows  within  each  refinery  to  bypass  the  process  units  not 
yet  repaired.  After  Repair  Stage  D,  all  process  units  are  at  initial 
capacities. 

A  summary  of  the  pertinent  factors  of  the  products  produced  after 
each  repair  stage  is  outlined  below. 
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Large  fuel  refinery: 

A.  Low  octane  gasoline,  kerosene,  and  diesel  are  produced  as 
raw  stocks.  Balance  of  crude  oil  is  produced  aa  fuel  oils. 

B.  Larger  volume  and  improved  quality  gasoline  is  produced. 

C.  Light  oil  products  are  "on-grade." 

D.  Coke  is  produced. 

Small  fuel  refinery: 

A.  Low  octane  gasoline,  kerosene,  and  diesel  are  produced  as 
raw  stocks.  Balance  of  crude  oil  Is  produced  as  fuel  oils. 

B.  Larger  volume  and  improved  quality  gasoline  is  produced. 

C.  Light  oil  products  are  "on-grade." 

D.  Asphalt  is  produced. 

Complete  processing  refinery: 

A.  Low  octane  gasoline,  kerosene,  and  diesel  are  produced  as 
raw  stocks.  Balance  of  crude  oil  is  produced  as  fuel  oils. 

B.  Larger  volume  and  improved  quality  gasoline  is  produced. 

C.  Light  oil  products  are  "on-grade." 

D.  Asphalt  and  coke  are  produced. 

Asphalt  refinery: 

A.  Low  octane  gasoline,  kerosene,  and  diesel  are  produced  as 
raw  stocks.  Balance  of  crude  oil  is  produced  as  fuel  oils, 

B.  Asphalt  is  produced. 

C.  Larger  volume  and  improved  quality  gasoline  is  produced. 

B.  Light  oil  products  are  "on-grade." 


Lube  refinery: 


A.  Low  octane  gasoline,  kerosene,  and  diesel  are  produced  as 
raw  stocks.  Balance  of  crude  oil  is  produced  as  fuel  oils. 

B.  Lubes  and  grenses  are  produced, 

C.  Larger  volume  and  improved  quality  gasoline  la  produced. 

D.  Light  oil  products  are  "on-grade." 

After  each  repair  stage,  the  product  yield  for  each  refinery  has 
been  calculated  by  methods  comparable  to  those  indicated  in  Appendix  B. 
The  product  percentages  produced  reflect  both  the  availability  of  re¬ 
paired  equipment,  the  equipment  capacltlea,  and  the  composition  of  the 
crude  oil  used.  The  repair  sequence  selected  results  In  the  individual 
refinery  product  percentages  summarized  in  Tables  C-l  through  C-6.  In 
all  cases,  production  is  shown  as  the  percentage  of  initial  refinery 
capacity. 
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Tibia  C.l 


PRODUCT  YIXLS  FROM  CRUM  OILS  AT  FOUR  RJCPA1R  8TAGXS  i 
LARGS  FUXL  RXFXKSRY 


Rapslr 

St  s«« 

Product 

Production  as  a  Percent  at 

Initial  Kellner;  Capacity 

Homal 

Crude  Oil 

Altemetlve 

Crude  Oils 

30’ -40*  API 
Gulf 

20*-25V  API 
beat  Coast 

20* -25’  API 

Midoontlnent 

A 

Gasoline 

13* 

4* 

3* 

Kerosene 

6 

3 

3 

Diesel 

S 

4 

3 

Luba 

— 

— 

— 

Fual  oil 

13 

13 

13 

Alpha It 

— 

— 

-- 

Coke 

.  *“ 

...  -  *** 

-  ~ 

Total 

37* 

24% 

22* 

8 

Gasoline 

22* 

7* 

4* 

Kerosene 

8 

4 

3 

Diesel 

7 

4 

3 

Luba 

— 

— 

— 

Fual  oil 

13 

13 

13 

Asphalt 

— 

— 

— 

Cake 

_ 

-- 

.. 

-  —  ■ ' — 

1  ■  " 

Total 

50* 

28* 

23* 

C 

Gasoline 

33* 

10* 

7* 

Kerosene 

10 

4 

3 

Diesel 

S 

5 

3 

Luba 

— 

— 

— 

Fuel  oil 

13 

13 

13 

Asphalt 

— 

-- 

— 

Coke 

_ 

_ 

-- 

— 

1 

_ir  1 

Total 

65% 

32* 

26* 

D 

Gasoline 

54* 

12* 

8* 

Kerosene 

15 

5 

4 

Diesel 

14 

6 

4 

Lube 

— 

-- 

-- 

Fuel  oil 

13 

13 

13 

Asphalt 

— 

— 

-- 

Coke 

4 

2 

2 

— — — 

“ 

Total 

100* 

38* 

31* 
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Table  C-2 


PRODUCT  YIELD  FROM  CRUDE  OILS  AT  FOUR  REPAIR  STAGES: 
SMALL  FUEL  REFINERY 


Production  »•  a  Percent  of 

Initial  Refinery  Capacity 


Horsutl 

Crude  Oil 

Alternative  Crude  Oils 

Reconstruction 

30*. 40*  API 

20°-25*  API 

20* -83’  API 

Sta*e 

Product 

Dull 

(Test  Coast 

Midcontinont 

A 

Oaaollne 

15 % 

35 

45 

Kerosene 

7 

4 

3 

Diesel 

7 

4 

3 

Lube 

— 

— 

— 

Fuel  oil 

15 

IS 

13 

Asphalt 

— 

— 

— 

Coke 

-- 

— 

-- 

Total 

44% 

285 

255 

B 

Gasoline 

29% 

95 

£5 

Kerosene 

9 

4 

3 

Diesel 

9 

5 

4 

Lube 

-- 

-- 

— 

Fuel  oil 

15 

IS 

IS 

Asphalt 

— 

— 

Coke 

_"*** 

-- 

-- 

Total 

625 

33% 

285 

C 

Oaaollne 

405 

11% 

85 

Kerosene 

12 

5 

4 

Diesel 

12 

6 

4 

Lube 

-- 

— 

— 

Fuel  oil 

IS 

15 

15 

Asphalt 

— 

-- 

-- 

Coke 

_ — 

-- 

-- 

Total 

795 

375 

315 

D 

Gasoline 

305 

13% 

85 

Kerosene 

IS 

r 

as 

4 

Diesel 

13 

6 

4 

Lube 

— 

— 

-- 

Fuel  oil 

IS 

15 

15 

Asphalt 

4 

2 

1 

Coke 

_ 1_ 

I 

1 

Total 

1005 

42% 

335 
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Table  CO 


P  HO  DUCT  YIELD  TOON  CRUDE  OILS  AT  FOUR  REPAIR  STAGES  : 
OWLET*  PROCESS  UK)  REPDOtRY 


Production  a*  a  Percent  of 
Initial  Refinery  Capacity 


Sornal 

Crude  Oil 

Alternative 

t 

Crude  Oils 

Bacon* t ruction 

30*  -40*  API 

20*  -25*  API 

20*. 23*  API 

Stag# 

PHWfoet 

Oul  f 

West  Coast 

Hidcontinent 

A 

Oaeoline 

n% 

4% 

3% 

K*ro»an* 

& 

3 

2 

Dlaaal 

i 

3 

2 

Luba 

— 

a*. 

-- 

Fuel  oil 

ii 

11 

11 

Asphalt 

— 

— 

— 

Coka 

— 

— 

— * 

Total 

32% 

21% 

16% 

B 

Oaaoline 

14% 

5% 

3% 

Kerosene 

6 

3 

2 

Dlaaal 

6 

3 

3 

Lube 

— 

— 

-- 

Fuel  oil 

ii 

11 

11 

Asphalt 

.as 

— 

— 

Coke 

— 

**  ** 

— 

Total 

37% 

22% 

19% 

c 

Gasoline 

38% 

9% 

4% 

Kerosene 

10 

4 

3 

Diesel 

10 

5 

3 

Lube 

5 

2 

2 

Fuel  oil 

11 

11 

11 

Asphalt 

— 

— 

-- 

Coke 

— 

— 

-- 

Total 

65% 

31% 

23% 

D 

Oaaoline 

47% 

10% 

6% 

Kerosene 

15 

4 

3 

Slesal 

IS 

5 

3 

Lube 

8 

3 

2 

Fuel  oil 

11 

11 

11 

Asphalt 

2 

1 

1 

Coke 

3 

1 

1 

Total 

100% 

35% 

27% 
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Table  C-4 


PRODUCT  YIELD  rKOM  CRCDC  OILS  AT  FOUR  REPAIR  STAGES  i 
ASPHALT  SAP  i  RES  t 


Production 

as  •  Percent 

of  Initial  Reftnerv  Capacity 

H«*congt ruction 

Konsal 

Crude  Oil 

Alternative  Crude 

Oils 

10l-15*  API 

£0'-4d*  api 

20*  -33*  API 

SO1- 25*  API 

Product 

A&phalt ic 

Oulf 

Veit  Cosat 

Midcontinent 

A 

Oaaollne 

9% 

11% 

11% 

115 

Keroaene 

10 

s 

8 

6 

Dleae 1 

10 

6 

9 

B 

Lube 

fuel  oil 

i  67 

— 

-- 

Aaphalt 

10 

33 

41 

Coke 

- 

— 

-- 

Total 

961 

31% 

61% 

695 

a 

Oaaollpu 

B% 

11% 

115 

115 

Keroacne 

10 

S 

a 

8 

Dleiiel 

10 

5 

» 

0 

Lube 

fuel  oil 

( 

— 

~ 

Aaphalt 

j 

10 

33 

41 

Coke 

■ 

_ **" 

— 

Total 

66% 

31% 

615 

695 

c 

Caaollne 

icr« 

11% 

115 

115 

Kerosene 

10 

4 

6 

6 

Diesel 

n 

4 

7 

9 

Lube 

Fuel  oil J 

i 

— 

-- 

Asphalt  j 

67 

7 

20 

23 

Coke 

.z 

— "  " 

— 

Total 

BBS 

36% 

44% 

48% 

D 

Gasoline 

11% 

11% 

11% 

11% 

Kerosetu 

10 

4 

3 

3 

Diesel 

11 

4 

6 

6 

Lube 

Fuel  oil i 

-- 

— 

— 

Asphalt  j 

68 

5 

19 

22 

Coke 

_ — 

T" 

--**** 

Total 

100% 

24% 

41% 

44% 
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Tittle  C-3 


PRODUCT  YltLO  tWU  C SUM  OILS  AT  POtM  HA  PA  15  0TAOU ! 

ASPHALT  AXD  U*t  XIFlKtHY 

Production  a*  a  Perce  at  of  Initial  Refinery  Cijnclit 


Moral  1 

Crude  Oil  Alternative  Crude  Oil. 


tnwiioa 

Product 

10* -IS*  API 
Aaphal  ttp-Lub* 

30* -40*  API 
Gulf 

10* -23*  API 
Meat  Coast 

30*. 23* ‘API ' 

KUtontiMHt 

A 

Gasoline 

IS 

35 

35 

bS 

Kerosene 

4 

3 

4 

4 

Diesel 

ia 

a 

4 

4 

Lube 

— 

-- 

-- 

fuel  oil | 

•3 

& 

13 

10 

Asphalt  | 

Coke 

as. 

.  a 

a  an 

11  ■" 

— — 

Total 

■OS 

145 

2A5 

315 

& 

Gasoline 

15 

35 

35 

35 

Kerosene 

s 

2 

4 

4 

Die  eel 

14 

a 

4 

4 

Lube 

11 

a 

3 

4 

Fuel  oil 

S 

— 

3 

3 

Asphalt 

54 

3 

9 

0 

Coke 

^_al^ 

- 

Total 

045 

145 

205 

315 

C 

Gasoline 

45 

35 

35 

35 

Kerosene 

5 

a 

3 

3 

Diesel 

13 

2 

4 

4 

Luba 

12 

a 

3 

3 

Fuel  oil 

7 

2 

4 

Asphalt 

36 

3 

7 

9 

Cake 

.  _ 

a.* 

-a. 

. . 

Total 

995 

145 

245 

205 

D 

Gasoline 

35 

35 

35 

35 

Kerosene 

3 

2 

3 

3 

Diseal 

13 

2 

3 

3 

Lube 

ia 

3 

3 

3 

Fuel  oil 

6 

-- 

2 

4 

Asphalt 

37 

1 

7 

8 

Coke 

_ ” 

— 

— 

Total 

1005 

135 

235 

365 
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Tattle  C-fi 


product  vikuj  rttou  cmrt*  oils  at  routt  mspaih  stacks  : 

UIBK  WHrUOHtt 


isenaatructlan 

8H(« 

A 


a 


c 


0 


Production 

*#  a  Percent 

of  Initial 

Refinery  Capacity 

formal 

Crude  Oil 

Alternative 

Crude 

Oila 

GO*  -  AS*  API 

30*  =40*  API 

20* -25* 

API 

-23*  API 

Product 

Lube 

Gulf 

Watt  Coaat 

Midcontinent 

Oesollne 

115 

115 

45 

35 

Kerosene 

5 

S 

a 

2 

Diets  1 

5 

s 

3 

3 

Lube 

— 

— 

— 

.. 

fuel  oil 

11 

11 

11 

11 

Asphalt 

— 

.. 

-- 

— 

Coke 

— 

— 

Total 

325 

325 

205 

1B5 

Gasoline 

225 

215 

55 

45 

Karoaena 

B 

B 

4 

3 

Diaawl 

9 

B 

5 

3 

Luba 

10 

B 

6 

S 

Fuel  oil 

11 

11 

11 

11 

Aapbalt 

— 

— 

— 

-- 

Coke 

-- 

-- 

— 

Total 

615 

SB5 

315 

265 

Gasoline 

265 

275 

75 

45 

Kerosene 

11 

10 

4 

3 

Dlaael 

11 

10 

S 

3 

Luba 

12 

10 

6 

S 

fuel  oil 

11 

11 

11 

11 

Asphalt 

— 

— 

-- 

Coiu 

— 

— 

— 

-- 

Total 

735 

645 

335 

265 

Gasoline 

425 

395 

75 

45 

Kerosene 

IS 

14 

4 

3 

Diesel 

IS 

14 

S 

3 

Luba 

IT 

14 

7 

S 

Fuel  oil 

11 

11 

11 

11 

Asphalt 

-- 

-- 

-- 

— 

Coke 

-- 

-- 

-- 

-- 

Total 

1005 

92% 

345 

365 
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REPAIR  REQUIREMENTS  AT  FOUR  REPAIR  STAGES 
AFTER  BLAST  OVERPRESSURE 


Appendix  D 


REPAIR  REQUIREMENTS  AT  POUR  REPAIR  STAGES 
AFTER  BEAST  OVERPRESSURE 

This  appendix  details  the  labor  repair  requirements  for  each  of  the 
six  types  of  refineries  after  blast  damage  from  overpressure  of  1/2,  1, 
5,  and  10  psl,  for  each  of  the  selected  Repair  Stages:  A,  B,  C,  and  D. 
Calculations  follow  the  method  outline  in  Section  V,  "Refinery  Repair," 
in  this  report.  The  mathematical  model  is: 


where  Rs  a  repair  effort  in  man-days  for  each  specified  piece  of 
equipment 

p  =  overpressure  in  psl 

C  a  size  of  equipment  being  investigated 

L,  k,  x,  y,  a,  C  ,  and  b  are  the  parameters  of  the  selected 
o 

items  of  equipment  as  listed  In  Table  9  in  the  main  text. 

At  each  selected  overpressure,  the  parameters  are  applied  to  each 
piece  of  equipment  at  the  sizes  (values  of  C)  and  total  numbers  detailed 
In  Appendix  A  to  yield  the  estimated  labor  repair  required.  The  results 
are  totaled  to  Indicate  the  total  labor  requirement  for  each  process  unit, 
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for  each  repair  for  each  select  er,>resaure,  and  for  each  type 

of  refinery. 

The  totaled  repair  requirements  are  susnarieed  for  the  six  typos  of 
refineries  at  average  capacities.  Similar  results  are  Included  for  the 
calculations  that  were  used  to  detemine  the  effect  of  refinery  also  on 
repair  requirements. 

Values  included  on  these  tables  -are  shown  as  '.alculatsd  (not  rounded), 
to  permit  as  estimator  to  resequence  process  unit  repair.  Totalled  re¬ 
pair  requirement  after  resequencing  would  be  rounded. 


REPAIR  REyUlREHEKTS  AFTER  BLAST  OVERPRESSURE,  FOUR  REPAIR  STAGES: 
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REPAIR  REQUIREMENTS  ATTER  BLAST  OVERPRESSURE .  POOR  REPAIR  STAGES : 
SMALL  FUEL  REE  IKE RY,  24,000  B/D  CAPACITY 
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I.  All  TRACT —  , 

Thia  report  details  a  method  for  estimating  surviving  petroleum  refinery 
capability  and  repair  effort  needed  to  restore  production  capability  following  exposure 
to  selected  blast  overpressures.  The  method  addresses  information  required  for  post¬ 
attack  decision  areas.  The  results  should  facilitate  decisions  of  which  refineries 
should  be  restored  and  to  what  degree,  based  on  products  needed  and  repair  effort 
available . 

The  many  variations  inherent  in  petroleum  refining  have  been  reduced  to  readily 
usable  numbers:  the  total  U.S.  refineries  are  classified  by  six  refinery  types;  crude 
oils  are  grouped  into  three  major  types  and  three  specialty  types;  refining  processes 
are  typified  by  the  16  most  prominent;  all  refinery  equipment  is  represented  by  25 
items  most  vital  to  process  operation,  most  susceptible  to  blast  damage,  and  requiring 
largest  labor  input  for  repair;  and  petroleum  products  are  represented  by  seven  major 
groups. 

In  this  context  the  method  of  estimating  refinery  production  capability  and  repair 
requirements  is  detailed,  and  the  application  of  the  method  to  any  individual  refinery 
is  illustrated. (  j 

Results  indicate''thatJ2£°duction  capability  is  reduced  to  about  70  percent  after 
0.3-0. 5  psi,  and  to  about  50  percent  after  1  psi.  After  overpressure  greater  than  1.5 
psi  refineries  are  shut  down  and  must  be  repaired  in  order  to  operate.  Repair  require¬ 
ments  and  partial  production  are  calculable  by  repair  stage. 

Additional  potential  areas  of  method  application  include  petrochemical  and  natural 
gasoline  industries. 
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